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(57) In regenerative braking mode, an Inverter (14) 
converts, according to PWMC signal from a control unit 
(30), an AC voltage generated by a motor (M1) into a 
DC voltage to supply the converted DC voltage to an 
up-converter (12) which down-converts the DC voltage 
to charge a DC power supply (B). The control unit (30) 
receives voltage V2 from a voltage sensor (11) to stop 
the up-converter (12) if voltage V2 is higher than a pre- 



determined value. The control unit (30) further receives 
voltage Vf from a voltage sensor (18) that is applied to 
a DC/DC converter (1 9) and stops the up-converter (1 2) 
if voltage Vf is higher than a predetermined value. More- 
over, the control unit (30) receives voltage V1 of the DC 
power supply (B) from a voltage sensor (10) to stop the 
up-converter (12) if voltage V1 does not match voltage 
V2. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a load driver 
for driving a DC load connected to a DC power supply. 
The present invention further relates to a control method 
for driving the DC load connected to the DC power sup- 
ply. Moreover, the present invention relates to a compu- 
ter-readable recording medium on which a program is 
recorded that allows a computer to execute the control 
for driving the DC load. 

Description of the Background Art 

[0002] Hybrid vehicles and electric vehicles are now 
attracting considerable attention as they help the envi- 
ronment. Some hybrid vehicles are now commercially 
available. 

[0003] The hybrid vehicle includes, as its power 
source, a DC power supply, an inverter and a motor driv- 
en by the inverter in addition to a conventional engine. 
Specifically, the engine is driven to generate power 
while a DC voltage from the DC power supply is con- 
verted into AC voltage by the inverterto rotate the motor 
by the AC voltage and accordingly generate power. The 
power source of the electric vehicle is a DC power sup- 
ply, an inverter and a motor driven by the inverter. 
[0004] Such a hybrid vehicle or electric vehicle is de- 
signed for example to include a motor driver as shown 
in Fig. 16. Referring to Fig. 16, motor driver 600 includes 
a DC power supply B, system relays SR1 and SR2, a 
capacitor C, a bidirectional voltage converter 410, and 
an inverter 420. Bidirectional voltage converter 410 in- 
cludes a reactor L, NPN transistors Q10 and Q11 , and 
diodes D 1 0 and D 1 1 . Reactor L has one end connected 
to a power supply line of DC power supply B and the 
other end connected to an intermediate point between 
NPN transistors Q10 and Q11, i.e., between the emitter 
of NPN transistor Q1 0 and the collector of NPN transis- 
tor Q11. NPN transistors Q10 and Q11 are connected 
in series between a power supply line and a ground line. 
NPN transistor Q10 has Its collector connected to the 
power supply line of inverter 420 while NPN transistor 
Q11 has its emitter connected to the ground line. Be- 
tween the emitter and collector of NPN transistors Q10 
and Q11 each, corresponding one of diodes D10 and 
D11 is provided to flow current from the emitter to the 
collector. 

[0005] DC power supply B supplies a DC voltage to 
capacitor C when system relays SR1 and SR2 are made 
on. Capacitor C smoothes the DC voltage from DC pow- 
er supply B to supply the smoothed DC voltage to bidi- 
rectional voltage converter 410. Bidirectional voltage 
converter 41 0 is controlled by a control unit (not shown) 
to boost the DC voltage from capacitor C in response to 



2 

a period during which NPN transistor Q11 is kept on. 
Converter 41 0 then supplies the boosted DC voltage to 
inverter 420. Bidirectional voltage converter 410 is also 
controlled by the control unit to down-convert a DC volt- 
5 age converted by inverter 420 to charge DC power sup- 
ply B in regenerative power generation by a motor M. 
[0006] Inverter 420 receives the DC voltage from bi- 
directional voltage converter 410 via a smoothing ca- 
pacitor (not shown) and converts the DC voltage into an 
10 AC voltage under control by a control unit (not shown) 
to drive motor M. Further, in regenerative power gener- 
ation mode by motor M, inverter 420 receives an AC 
voltage from motor M and converts the AC voltage into 
a DC voltage under control by the control unit to supply 
*5 the DC voltage to bidirectional voltage converter 410. 
Motor M is driven by inverter 420 to generate predeter- 
mined torque. In addition, motor M serves as a regen- 
erative generator to supply the generated AC voltage to 
inverter 420. 

[0007] DC/DC converter 430 is located between bidi- 
rectional voltage converter 41 0 and DC power supply B 
to be connected to DC power supply B and receives the 
DC voltage from DC power supply B. DC/DC converter 
430 is used for auxiliary equipment of the vehicle and 
down-converts the DC voltage from DC power supply B 
and supplies the down-converted DC voltage to an in- 
verter (not shown) driving an air conditioner (not shown) 
provided in the hybrid or electric vehicle. 
[0008] In motor driver 600, DC power supply B sup- 
plies the DC voltage to capacitor C when system relays 
SR1 and SR2 are made on, and then capacitor C 
smoothes the DC voltage to supply the smoothed volt- 
age to bidirectional voltage converter 410 and DC/DC 
converter 430. Bidirectional voltage converter 410 
boosts the DC voltage in response to a period during 
which NPN transistor Q11 is kept on and supplies the 
boosted DC voltage to inverter 420 via the smoothing 
capacitor (not shown). Inverter 420 converts the DC 
voltage into the AC voltage to drive motor M. Motor M 
generates predetermined torque. On the other hand, 
DC/DC converter 430 down-converts the DC voltage 
from capacitor C to supply the down-converted voltage 
to the inverter which drives the air conditioner. 
[0009] In regenerative braking of the hybrid or electric 
vehicle : motor M generates the AC voltage to be sup- 
plied to inverter 420. Inverter 420 converts the AC volt- 
age from motor M into the DC voltage to be supplied to 
bidirectional voltage converter 410. Bidirectional volt- 
age converter 41 0 down-converts the DC voltage from 
inverter 420 to charge DC power supply B. In this way, 
motor driver 600 boosts the DC voltage from DC power 
supply B to drive motor M, and motor driver 600 also 
charges DC power supply B with the voltage generated 
by motor M in regenerative braking. 
[0010] Alternatively, a hybrid or electric vehicle is de- 
signed to include a motor driver as shown in Fig. 17. 
Referring to Fig. 1 7, motor driver 700 has the same con- 
figuration as that of motor driver 600 except that a DC/ 
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DC converter 440 of motor driver 700 is connected to 
the output of bidirectional voltage converter 41 0. 
[0011] DC/DC converter 440 receives a voltage which 
is boosted by bidirectional voltage converter 410 and 
down-converts the boosted voltage to charge an auxil- 
iary buttery 450 (with output voltage of 1 2 V for example) 
which supplies electric power to such a control circuit as 
an ECU (Electrical Control Unit). Regarding the config- 
uration as shown in Fig. 17, even if any abnormal event 
of DC power supply B, fuse blowing or any abnormal 
event of system relays SR1 and SR2 for example oc- 
curs, DC/DC converter 440 is supplied with a DC voltage 
generated by motor M1 and converted by inverter 420. 
In other words, even if any abnormal event occurs In the 
circuitry between bidirectional voltage converter 410 
and DC power supply B, auxiliary buttery 450 for driving 
such a control circuit as ECU never becomes empty and 
thus the vehicle is prevented from being unable to move. 
[001 2] As for the conventional motor driver 600 in re- 
generative power generation, if DC power supply B is 
separated due to malfunction of system relays SR1 and 
SR2 or break, a voltage Vb appearing on the DC power 
supply B side of bidirectional voltage converter 410 in- 
creases resulting in a problem that an overvoltage is ap- 
plied to DC/DC converter 430 which is a DC load. 
[001 3] In order to protect DC load system from the ov- 
ervoltage, the withstand voltage of the DC load system 
should be enhanced which requires components with a 
high withstand voltage. Then, the overall cost cannot be 
reduced. Therefore, it is necessary to prevent the over- 
voltage from being applied to the DC load system in re- 
generative power generation if the DC power supply B 
is separated due to any reason. 

[0014] As for the conventional motor driver 700, DC/ 
DC converter 440 is connected to the output of bidirec- 
tional voltage converter 410. Then, a high withstand 
voltage is required and accordingly, the requirements of 
the specification of components are considerably se- 
vere. A resultant problem is that the configuration of the 
circuitry becomes complicated which leads to difficulty 
in reduction of the cost and size. 

SUMMARY OF THE INVENTION 

[0015] One object of the present invention is thus to 
provide a load driver that safely drives a DC load con- 
nected to a DC power supply. 

[0016] Another object of the present invention is to 
provide a control method for safely driving a DC load 
connected to a DC power supply. 
[0017] Still another object of the present invention is 
to provide a computer-readable recording medium on 
which a program is recorded for allowing a computer to 
execute control for safely driving a DC load connected 
to a DC power supply. 

[0018] According to the present invention, a load driv- 
er includes a DC power supply, a voltage converter, a 
DC load, and a control unit. 



[0019] The DC power supply outputs a DC voltage. 
The voltage converter is connected to the DC power 
supply to provide, toward the DC power supply, a DC 
voltage based on electric power generated by a power- 

5 generating unit. The DC load is connected in parallel 
with the voltage converter to the DC power supply. The 
control unit executes at least one of first control and sec- 
ond control when a malfunction is detected in an elec- 
trical system between the DC power supply and the voit- 

io age converter, the first control being executed to protect 
an electrical system of the DC load and the second con- 
trol being executed to continue operation of the DC load. 
[0020] Preferably the control unit executes the first 
control to protect the electrical system of the DC load 

15 when the malfunction is detected in the electrical system 
between the DC power supply and the voltage convert- 
er. 

[0021 ] Preferably when the malfunction is detected in 
the electrical system between the DC power supply and 

20 the voltage converter, the control unit controls the volt- 
age converter to apply a voltage smaller than a prede- 
termined value to the electrical system of the DC load. 
[0022] Preferably the load driver further includes a 
voltage sensor detecting a voltage applied to the DC 

25 load. The control unit stops operation of the voltage con- 
verter when the voltage detected by the voltage sensor 
reaches at least the predetermined value. 
[0023] Preferably the load driver further includes a 
voltage sensor. The voltage sensor detects a DC volt- 

30 age on an input of the voltage converter when a DC cur- 
rent is supplied from the DC power supply to the voltage 
converter. The control unit stops operation of the voltage 
converter when the DC voltage detected by the voltage 
sensor reaches at least the predetermined value. 

35 [0024] Preferably the power-generating unit is 
formed of at least one generator. 
[0025] Preferably each of at least one generators is 
an AC generator, and the load driver further includes at 
least one inverters provided correspondingly to that at 

40 least one generators and each converting an AC voltage 
supplied from the corresponding AC generator into a DC 
voltage. The control unit controls each of at least one 
inverters in a normal operation to convert the AC voltage 
into the DC voltage and supply the DC voltage conven- 
es ed from the AC voltage to the voltage converter. 

[0026] Preferably the load driver further includes a 
first voltage sensor and a second voltage sensor. The 
first voltage sensor detects a first DC voltage output 
from the DC power supply. The second voltage sensor 

so detects a second DC voltage on an input of the voltage 
converter when a DC current is supplied from the DC 
power supply to the voltage converter. The control unit 
stops operation of the voltage converter when the first 
voltage detected by the first voltage sensor differs from 

55 the second voltage detected by the second "voltage sen- 
sor. 

[0027] Preferably the power-generating unit is 
formed of at least one generator. 
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[0028] Preferably, the generator is an AC generator, 
and the load driver further includes an inverter convert- 
ing an AC voltage supplied from the AC generator into 
a DC voltage. The control unit controls the inverter in a 
normal operation to convert the AC voltage into the DC 
voltage and supply the DC voltage converted from the 
AC voltage to the voltage converter. 
[0029] Preferably, the power-generating unit is 
formed of a plurality of generators. 
[0030] Preferably, the control unit further controls a 
plurality of drivers corresponding respectively to those 
generators to keep a balance between supply and con- 
sumption of electric energy with respect to those gener- 
ators, and controls the electrical system of the DC load 
to drive the DC load by electric power supplied from the 
DC power supply. 

[0031] Preferably, those generators are each an AC 
generator. The load driver further includes a plurality of 
inverters provided correspondingly to those generators 
and each converting an AC voltage supplied from a cor- 
responding AC generator into a DC voltage. The control 
unit controls each of the inverters in a normal operation 
to convert the AC voltage into the DC voltage and supply 
the DC voltage converted from the AC voltage to the 
voltage converter. 

[0032] Preferably, the generator is a drive motor gen- 
erating drive power for a vehicle. 

[0033] Preferably, the load driver further includes first 
and second voltage sensors. The first voltage sensor 
detects a first DC voltage output from the DC power sup- 
ply and the second voltage sensor detects a second DC 
voltage on an input of the voltage converter when a DC 
current is supplied from the DC power supply to the volt- 
age converter. The control unit executes the second 
control when the first voltage detected by the first volt- 
age sensor differs from the second voltage detected by 
the second voltage sensor. 

[0034] Preferably, the control unit executes control for 
supplying a DC voltage based on electric power gener- 
ated by the power-generating unit to the DC load. 
[0035] Preferably, the control unit controls the voltage 
converter for directly supplying to the DC load a DC volt- 
age based on the electric power generated by the pow- 
er-generating unit and having a voltage level lower than 
a predetermined value. 

[0036] Preferably, the voltage converter includes first 
and second switching elements and a reactor. The first 
and second switching elements are connected in series 
between terminals receiving the DC voltage, switching 
of at least one of the switching elements being controlled 
in voltage-up-converting operation and voltage-down- 
converting operation. The reactor has one end connect- 
ed to a point of connection between the first switching 
element and the second switching element. The reactor 
and the second switching element are connected in se- 
ries between terminals of the DC power supply. The con- 
trol unit keeps the first switching element continuously 
in a conducting state and keeps the second switching 



element continuously in a disconnected state. 
[0037] Preferably, the load driver further includes a 
supply unit and a switching unit. The supply unit directly 
supplies to the DC load a DC voltage based on the elec- 

5 trie power generated by the power-generating unit and 
having a voltage level lowerthan a predetermined value. 
The switching unit switches supply of the DC voltage 
between the voltage converter and the supply unit. The 
control unit controls the switching unit to supply the DC 

10 voltage to the supply unit. 

[0038] According to the present invention, a control 
method for safely driving a DC load connected to a DC 
power supply includes a first step of detecting a mal- 
function in an electrical system between the DC power 

f 5 supply and a voltage converter converting voltage, and 
a second step of executing at least one of first control 
and second control when the malfunction is detected, 
the first control being executed to protect an electrical 
system of the DC load connected in parallel with the volt- 

20 age converter to the DC power supply and the second 
control being executed to continue operation of the DC 
load. 

[0039] Preferably, the first control is executed in the 
second step to protect the electrical system of the DC 
25 load connected in parallel with the voltage converter to 
the DC power supply. 

[0040] Preferably, the first step includes a first sub 
step of detecting a voltage applied to the DC load and 
a second sub step of detecting whether or not the de- 

30 tected voltage is equal to or more than a predetermined 
value. In the second step, operation of the voltage con- 
verter is stopped when the detected voltage is equal to 
or more than the predetermined value. 
[0041] Preferably, the first step includes a first sub 

35 step of detecting a DC voltage on an input of the voltage 
converter when a DC current is supplied from the DC 
power supply to the voltage converter and a second sub 
step of detecting whether or not the detected voltage is 
equal to or more than a predetermined value. In the sec- 

40 ond step, operation of the voltage converter is stopped 
when the detected voltage is equal to or more than the 
predetermined value. 

[0042] Preferably, the first step includes a first sub 
step of detecting a first voltage output from the DC pow- 

45 er supply, a second sub step of detecting a second DC 
voltage on an input of the voltage converter when a DC 
current is supplied from the DC power supply to the volt- 
age converter, and third sub step of detecting whether 
or not the first voltage detected in the first sub step 

50 matches the second voltage detected in the second sub 
step. In the second step, operation of the voltage con- 
verter is stopped when the first voltage does not match 
the second voltage. 

[0043] Preferably, the voltage converter is connected 
55 to a plurality of inverters provided correspondingly to a 
plurality of power-generating units. The control method 
further includes a third step of controlling those inverters 
to maintain a balance between supply and consumption 
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of electric energy with respect to those power-generat- 
ing units, and a fourth step of controlling the electrical 
system of the DC load to drive the DC load by electric 
power supplied from the DC power supply. 
[0044] Preferably, the first step includes a first sub 5 
step of detecting a first voltage output from the DC pow- 
er supply, a second sub step of detecting a second DC 
voltage on an input of the voltage converter when a DC 
current is supplied from the DC power supply to the volt- 
age converter and a third sub step of detecting whether 
or not the first voltage detected in the first sub step 
matches the second voltage detected in the second sub 
step. In the second step, the second control is executed 
when the first voltage does not match the second volt- 
age. 

[0045] Preferably, in the second step, control is exe- 
cuted to supply, to the DC load, DC power based on 
electric power generated by a power-generating unit. 
[0046] Preferably, in the second step, the voltage con- 
verter is controlled to directly supply, to the DC load, a 
DC voltage based on the electric power generated by 
the power-generating unit and having a voltage level 
lower than a predetermined value. 
[0047] Preferably, the voltage converter includes first 
and second switching elements and a reactor. The first 
and second switching elements are connected in series 
between terminals receiving the DC voltage, switching 
of at least one of the switching elements being controlled 
in voltage-up-converting operation and voltage-down- 
converting operation. The reactor has one end connect- 
ed to a point of connection between the first switching 
element and the second switching element. The reactor 
and the second switching element are connected in se- 
ries between terminals of the DC power supply. 
[0048] Here, the second step of the control method 
includes a fourth sub step of keeping the first switching 
element continuously in a conducting state and a fifth 
sub step of keeping the second switching element con- 
tinuously in a disconnected state. 
[0049] Preferably, the DC load is connected to a sup- 
ply unit and the voltage converter, the supply unit sup- 
plying, toward the DC power supply, a DC voltage based 
on the electric power generated by the power-generat- 
ing unit. The supply unit and the voltage converter are 
connected to a switching unit switching supply of the DC 
voltage between the supply unit and the voltage con- 
verter. In the second step of the control method, the 
switching unit is controlled to supply, to the supply unit, 
a DC voltage based on the electric power generated by 
the power-generating unit and having a voltage level 
lower than a predetermined value. 
[0050] According to the present invention, a compu- 
ter-readable recording medium has a program recorded 
thereon to allow a computer to execute control for safely 
driving a DC load connected to a DC power supply. The 
computer executes a first step of detecting a malfunction 
in an electrical system between the DC power supply 
and a voltage converter converting voltage, and a sec- 



ond step of executing at least one of first control and 
second control when the malfunction is detected, the 
first control being executed to protect an electrical sys- 
tem of the DC load connected in parallel with the voltage 
converter to the DC power supply and the second con- 
trol being executed to continue operation of the DC load. 
[0051] Preferably, the first control is executed in the 
second step to protect the electrical system of the DC 
load connected in parallel with the voltage converter to 
the DC power supply. 

[0052] Preferably, the first step includes a first sub 
step of detecting a voltage applied to the DC load and 
a second sub step of detecting whether or not the de- 
tected voltage is euqal to or more than a predetermined 
value. In the second step, operation of the voltage con- 
verter is stopped when the detected voltage is equal to 
or more than the predetermined value. 
[0053] Preferably, the first step includes a first sub 
step of detecting a DC voltage on an input of the voltage 
converter when a DC current is supplied from the DC 
power supply to the voltage converter and a second sub 
step of detecting whether or not the detected voltage is 
equal to or more than a predetermined value. In the sec- 
ond step, operation of the voltage converter is stopped 
when the detected voltage is equal to or more than the 
predetermined value. 

[0054] Preferably, the first step includes a first sub 
step of detecting a first voltage output from the DC pow- 
er supply, a second sub step of detecting a second DC 
voltage on an input of the voltage converter when a DC 
current is supplied from the DC power supply to the volt- 
age converter, and a third sub step of detecting whether 
or not the first voltage detected in the first sub step 
matches the second voltage detected in the second sub 
step. In the second step, operation of the voltage con- 
verter is stopped when the first voltage does not match 
the second voltage. 

[0055] Preferably, the voltage converter is connected 
to a plurality of inverters provided correspondingly to a 
plurality of power-generating units. The program allows 
the computer to further execute a third step of controlling 
those inverters to maintain a balance between supply 
and consumption of electric energy with respect to those 
power-generating units, and a fourth step of controlling 
the electrical system of the DC load to drive the DC load 
by electric power supplied from the DC power supply. 
[0056] Preferably, the first step includes a first sub 
step of detecting a first voltage output from the DC pow- 
er supply, a second sub step of detecting a second DC 
voltage on an input of the voltage converter when a DC 
current is supplied from the DC power supply to the volt- 
age converter, and a third sub step of detecting whether 
or not the first voltage detected in the first sub step 
matches the second voltage detected in the second sub 
step. In the second step, the second control is executed 
when the first voltage does not match the second volt- 
age. 

[0057] Preferably, in the second step, control is exe- 
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cuted to supply, to the DC load, DC power based on 
electric power generated by a power-generating unit. 
[0058] Preferably, in the second step, the voltage con- 
verter is controlled to directly supply, to the DC load, a 
DC voltage based on the electric power generated by 5 
the power-generating unit and having a voltage level 
lower than a predetermined value. 
[0059] Preferably, the voltage converter includes first 
and second switching elements and a reactor. The first 
and second switching elements are connected in series 10 
between terminals receiving the DC voltage, switching 
of at least one of the switch ing elements being controlled 
in voltage-up-converting operation and voltage-down- 
converting operation. The reactor has one end connect- 
ed to a point of connection between the first switching 15 
element and the second switching element. The reactor 
and the second switching element are connected in se- 
ries between terminals of the DC power supply. 
[0060] Here, the second step of the program includes 
a fourth sub step of keeping the first switching element 20 
continuously in a conducting state and a fifth sub step 
of keeping the second switching element continuously 
in a disconnected state. 

[0061] Preferably, the DC load is connected to a sup- 
ply unit and the voltage converter, the supply unit sup- 25 
plying, toward the DC powersupply, a DC voltage based 
on the electric power generated by the power-generat- 
ing unit. The supply unit and the voltage converter are 
connected to a switching unit Switching supply of the DC 
voltage between the supply unit and the voltage con- 30 
verter. 

[0062] Here, in the second step of the program, the 
switching unit is controlled to supply, to the supply unit, 
a DC voltage based on the electric power generated by 
the power-generating unit and having a voltage level 35 
lower than a predetermined value. 
[0063] In this way, according to the present invention, 
the DC load connected between the DC power supply 
and the voltage converter is safely driven. 
[0064] The foregoing and other objects, features, as- 40 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0065] 

Fig. 1 is a block diagram schematically showing a so 
motor driver according to a first embodiment. 
Fig. 2 is a functional block diagram of a control unit 
shown in Fig. 1 . 

Fig. 3 is a functional block diagram illustrating the 
function of motor torque control means shown in 55 
Fig. 2. 

Fig. 4 is a flowchart illustrating an operation of the 
motor driver shown in Fig. 1 . 



Fig. 5 is a flowchart illustrating another operation of 
the motor driver shown in Fig. 1 . 
Fig. 6 is a flowchart illustrating still another opera- 
tion of the motor driver shown in Fig. 1 . 
Fig. 7 is a block diagram schematically showing a 
motor driver according to a second embodiment of 
the present invention. 

Fig. 8 is a functional block diagram of a control unit 
shown in Fig. 7. 

Fig. 9 is a flowchart illustrating an operation of the 
motor driver shown in Fig. 7. 
Fig. 1 0 is a block diagram schematically showing a 
motor driver according to a third embodiment of the 
present invention. 

Fig. 11 is a flowchart illustrating an operation of the 
motor driver shown in Fig. 10. 
Fig. 12 is a flowchart illustrating another operation 
of the motor driver shown in Fig. 10. 
Fig. 13 is a block diagram schematically showing a 
motor driver according to a fourth embodiment. 
Fig. 1 4 is a flowchart illustrating an operation of the 
motor driver shown in Fig. 13. 
Fig. 15 is a flowchart illustrating another operation 
of the motor driver shown in Fig. 13. 
. Fig. 1 6 is a block diagram schematically showing a 
conventional motor driver. 

Fig. 17 is a block diagram schematically showing 
another conventional motor driver. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] Embodiments of the present invention are 
hereinafter described in detail in conjunction with the 
drawings. It is noted that the same or corresponding 
components in the drawings are denoted by the same 
reference character and description thereof is not re- 
peated here. 

First Embodiment 

[0067] Referring to Fig. 1 , a motor driver 100 having 
a load driver according to a first embodiment of the 
present invention includes a DC powersupply B, voltage 
sensors 10, 11, 13 and 1 8, system relays SR1 andSR2, 
capacitors C1 and C2, an up-converter 12, an inverter 
14, a current sensor 24, and a control unit 30. Motor driv- 
er 100 drives one motor M1 . Motor M1 is a drive motor 
generating torque for driving drive wheels of a hybrid or 
electric vehicle. This motor serves as a power generator 
driven by an engine as well as an electric motor for the 
engine. Alternatively, the motor may be capable of start- 
ing the engine and incorporated as such into a hybrid 
vehicle. 

[0068] Up-converter 12 includes a reactor L1 , NPN 
transistors Q1 and Q2 and diodes D1 and D2. Reactor 
L1 has one end connected to a power supply line of DC 
power supply B and the other end connected to the in- 
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termediate point between NPN transistors Q1 and Q2, 
i.e., between the emitter of NPN transistor Q1 and the 
collector of NPN transistor Q2. 

[0069] NPN transistors Q1 and Q2 are connected in 
series between a power supply line of inverter 14 and a 
ground line. The collector of NPN transistor Q 1 is con- 
nected to the power supply line and the emitter of NPN 
transistor Q2 is connected to the ground line. Between 
the collector and emitter of NPN transistors Q1 and Q2 
each, corresponding one of diodes D1 and D2 is con- 
nected for flowing current from the emitter to the collec- 
tor. 

[0070] I nverter 1 4 is constituted of a U-phase arm 1 5, 
a V-phase arm 1 6 and a W-phase arm 1 7. U-phase arm 
15, V-phase arm 16 and W-phase arm 17 are connected 
in parallel between the power supply line and the 
ground. 

[0071] U-phase arm 15 is constituted of series-con- 
nected NPN transistors Q3 and Q4, V-phase arm 16 is 
constituted of series-connected NPN transistors Q5 and 
Q6, and W-phase arm 17 is constituted of series-con- 
nected NPN transistors Q7 and Q8. Diodes D3 to D8 
are each connected between the collector and emitter 
of a corresponding one of NPN transistors Q3-Q8 for 
allowing current to flow from the emitter to the collector. 
[0072] The U, V and W-phase arms have respective 
intermediate points connected to respective ends of 
phase coils of motor M1 . Motor M1 is a three-phase per- 
manent-magnet motor with respective three coils of U, 
V and W phases each having one end connected com- 
monly to the center. The other end of the U-phase coil 
is connected to the intermediate point between NPN 
transistors Q3 and 04, the other end of the V-phase coil 
is connected to the intermediate point between NPN 
transistors Q5 and Q6, and the other end of the W-phase 
coil is connected to the intermediate point between NPN 
transistors Q7 and Q8. 

[0073] DC power supply B is formed of a nickel-hy- 
drogen or lithium-ion secondary battery. DC power sup- 
ply B outputs a DC voltage of 200-300 V for example. 
Voltage sensor 1 0 detects a voltage V1 from DC power 
supply B to output the detected voltage V1 to control unit 
30. System relays SR1 and SR2 are made on by a signal 
SE from control unit 30. 

[0074] Capacitor C1 smoothes a DC voltage supplied 
from DC power supply B to provide the smoothed DC 
voltage to up-converter 12 and a DC/DC converter 19. 
Voltage senso r 1 1 detects a voltage V2 on the input side 
of up-converter 12 to output the detected voltage V2 to 
control unit 30. 

[0075] Up-converter 12 boosts the DC voltage from 
capacitor C1 to supply the boosted voltage to capacitor 
C2. More specifically, up-converter 1 2 receives a signal 
PWU from control unit 30 to boost and supply the DC 
voltage to capacitor C2 in response to a period in which 
NPN transistor Q2 is made on by signal PWU. In this 
case, NPN transistor Q1 is turned off by signal PWU. 
Further, up-converter 12 receives a signal PWD from 



control unit 30 to down-convert a DC voltage supplied 
from inverter 14 via capacitor C2 and accordingly 
charge DC power supply B. In addition, up-converter 12 
receives a signal STP from control unit 30 to stop oper- 
5 ating. 

[0076] Capacitor C2 smoothes the DC voltage from 
up-converter 12 to supply the smoothed DC voltage to 
inverter 14. Voltage sensor 13 detects the voltage on 
both ends of capacitor C2, i.e., voltage IVV to be sup- 
to plied to inverter 14 and outputs the detected input volt- 
age IW to control unit 30. 

[0077] Inverter 14 receives the DC voltage from ca- 
pacitor C2 to convert, according to a signal PWMI from 
control unit 30, the DC voltage into an AC voltage and 

is accordingly drive motor M1. Then, motor M1 is driven 
to generate torque designated by a torque control value 
TR. In regenerative braking of a hybrid or electric vehicle 
including motor driver 100, inverter 14 converts an AC 
voltage generated by motor M1 into a DC voltage ac- 

20 cording to a signal PWMC from control unit 30 and sup- 
plies the converted voltage to up-converter 12 via ca- 
pacitor C2. 

[0078] Here, "regenerative braking" includes braking 
which is caused when a driver (operator) of a hybrid or 

25 electric vehicle manages the foot brake and which is ac- 
companied by regenerative power generation as well as 
deceleration (or stopping of acceleration) of the vehicle 
by releasing the accelerator (pedal) in driving without 
managing the foot brake, which is also accompanied by 

30 regenerative power generation. 

[0079] Voltage sensor 1 8 detects a voltage Vf applied 
from DC power supply B to DC/DC converter 1 9 to out- 
put the detected voltage Vf to control unit 30. 
[0080] Current sensor 24 detects a motor current 

35 MCRT flowing to motor M1 to output the detected motor 
current MCRT to control unit 30. 
[0081] Control unit 30 generates, based on torque 
control value TR and motor rotation number MRN sup- 
plied from an externally placed ECU (electrical control 

40 unit), voltage V1 from voltage sensor 1 0, input voltage 
IVV from voltage sensor 13 and motor current MCRT 
from current sensor 24, signal PWU for driving up-con- 
verter 12 and signal PWMI for driving inverter 14 follow- 
ing a method as described hereinbelow, and provides 

45 the signals PWU and PWMI to up-converter 12 and in- 
verter 14 respectively. 

[0082] Control unit 30 receives from the external ECU 
a signal indicating that the hybrid or electric vehicle en- 
ters a regenerative braking mode to generate signal 

so PWMC for converting an AC voltage generated by motor 
M1 into a DC voltage and output the signal to inverter 
14. In this case, switching of NPN transistors Q4, Q6 
and Q8 of inverter 14 is controlled by signal PWMC. 
Specifically, NPN transistors Q6 and Q8 are turned on 

55 when electric power is generated by the U phase of mo- 
tor M1 , NPN transistors Q4 and Q8 are turned on when 
the electric power is generated by the V phase thereof, 
and NPN transistors Q4 and Q6 are turned on when the 
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electric power is generated by the W phase thereof. In 
this way, inverter 1 4 converts the AC voltage generated 
by motor M1 into the DC voltage to supply the DC volt- 
age to up-converter 12. 

[0083] Moreover, control unit 30 receives voltage V2 
from voltage sensor 1 1 (or voltage Vf from voltage sen- 
sor 1 8) to determine whether or not the received voltage 
V2 (or Vf) is higher than a predetermined value. When 
control unit 30 determines that voltage V2 (or Vf) is high- 
er than the predetermined value, control unit 30 accord- 
ingly determines that an overvoltage is applied to the 
input of up-converter 1 2 to generate signal STP for stop- 
ping up-converter 12 and supply signal STP to up-con- 
verter 12. 

[0084] In this case, control unit 30 may determine 
whether or not voltage V1 from voltage sensor 10 
matches voltage V2 from voltage sensor 11 and gener- 
ates signal STP to output the signal STP to up-converter 
12 when voltage V1 does not match voltage V2. The fact 
that voltage V1 does not match voltage V2 means that 
DC power supply B is separated from capacitor C 1 , up- 
converter 12 and DC/DC converter 19 due to any mal- 
function of system relays SR1 and SR2 or break. 
[0085] It is seen from the above that the first embod- 
iment is characterized in that up-converter 1 2 is stopped 
when voltage V2 applied to the input to up-converter 12 
(or voltage Vf applied to DC/DC converter 1 9) is an ov- 
ervoltage or DC power supply B is separated due to any 
reason. 

[0086] Moreover, control unit 30 generates signal SE 
for allowing system relays SR1 and SR2 to be made on 
to supply signal SE to relays SR1 and SR2. 
[0087] DC/DC converter 19 down-converts the DC 
voltage from DC power supply B to provide the down- 
converted voltage to an inverter 20. Inverter 20 converts 
the DC voltage from DC/DC converter 1 9 into an AC 
voltage for driving a motor 21 used for an air conditioner. 
Air-conditioner motor 21 drives the compressor of the 
air conditioner. 

[0088] DC/DC converter 1 9, inverter 20 and air-con- 
ditioner motor 21 constitute auxiliary equipment provid- 
ed to the hybrid or electric vehicle. In addition, DC/DC 
converter 1 9 constitutes a DC load provided to the aux- 
iliary equipment. 

[0089] As for motor driver 1 00, capacitor C2 is driven 
with approximately 500 V at the maximum, and accord- 
ingly the electrical system of capacitor C2 and inverter 
1 4 provided on the output side of up-converter 1 2 is con- 
stituted of components having an withstand voltage in 
the range from 750 V to 900 V. 

[0090] On the other hand, the auxiliary equipment-re- 
lated circuitry including DC/DC converter 1 9, inverter 20 
and air-conditioner motor 21 is constituted of compo- 
nents having a withstand voltage of approximately 400 
V. 

[0091] Fig. 2 is a functional block diagram of control 
unit 30. Referring to Fig. 2, control unit 30 includes mo- 
tor-torque control means 301 and voltage-conversion 



control means 302. Motor-torque control means 301 
generates, based on torque control value TR, output 
voltage V1 of DC power supply B, motor current MCRT, 
motor rotation number MRN and inverter input voltage 

5 IVV, signal PWU for turning on/off NPN transistors Q1 
and Q2 of up-converter 12 and signal PWMI for turning 
on/off NPN transistors Q3-Q8 of inverter 1 4, when motor 
M1 is driven, following a method as described herein- 
below, and provides the generated signals PWU and 

10 PWMI respectively to up-converter 12 and inverter 14. 
[0092] Voltage-conversion control means 302 re- 
ceives voltage V2 from voltage sensor 1 1 (or voltage Vf 
from voltage sensor 1 8) to generate signal STP for stop- 
ping up-converter 12 if voltage V2 (or Vf) is higher than 

15 a predetermined value and provide the signal STP to 
up-converter 12. Further, voltage-conversion control 
means 302 receives voltage V1 from voltage sensor 10 
to generate signal STP if voltage V1 differs from voltage 
V2 and provide the signal STP to up-converter 1 2. More- 
no over, in regenerative braking, voltage-conversion con- 
trol means 302 generates a signal PWD for down-con- 
verting the DC voltage supplied from inverter 14 to out- 
put the signal PWD to up-converter 12. Up-converter 12 
thus serves as a bidirectional converter since converter 

25 12 can also down-convert or reduce the voltage by sig- 
nal PWD for down -converting the DC voltage. In addi- 
tion, voltage-conversion control means 302 generates 
signal PWMC for converting the AC voltage generated 
by motor M1 into DC voltage to supply the signal PWMC 

30 to inverter 14. 

[0093] Fig. 3 is a functional block diagram of motor- 
torque control means 301. Referring to Fig. 3 f motor- 
torque control means 301 includes a phase voltage cal- 
culating unit 40 for controlling the motor, a PWM signal 

35 converting unit 42 for the inverter, an inverter-input-voft- 
age calculating unit 50, a duty ratio calculating unit 52 
for the converter, and a PWM signal converting unit 54 
for the converter. 

[0094] Phase voltage calculating unit 40 receives, 
40 from voltage sensor 13, inputvoltage IWto inverter14, 
receives, from current sensor 24, motor current MCRT 
flowing to each phase of motor M1 , and receives torque 
control value TR from the external ECU. Based on the 
supplied signal, current and voltage, phase voltage cal- 
45 culating unit 40 calculates a voltage to be applied to the 
coil of each phase of motor M1 and supplies the calcu- 
lated voltage to PWM signal converting unit 42. Then, 
based on the calculated voltage supplied from phase 
voltage calculating unit 40, PWM signal converting unit 
50 42 generates signal PWMI for actually turning on/off 
each of NPN transistors Q3-Q8 of inverter 14 and sup- 
plies the generated signal PWMI to each of NPN tran- 
sistors Q3-Q8 of inverter 14. 

[0095] Switching of NPN transistors Q3-Q8 each is 
55 thus controlled and NPN transistors Q3-Q8 accordingly 
control the current to be supplied to each phase of motor 
M1 so that motor M1 generates any designated torque. 
The motor drive current is controlled in this way to output 
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the motor torque according to torque control value TR. 
[0096] On the other hand, inverter-input-voltage cal- 
culating unit 50 calculates an optimum value (target val- 
ue) of an inverter input voltage based on torque control 
value TR and motor rotation number MRN and provides 
the calculated optimum value to duty ratio calculating 
unit 52. Duty ratio calculating unit 52 calculates, based 
on the optimum value of the inverter input voltage from 
inverter-input-voltage calculating unit 50, inverter input 
voltage I W from voltage sensor 1 3 and voltage V1 from 
voltage sensor 10, a duty ratio for setting inverter input 
voltage I Wf rom voltage sensor 1 3 at the optimum value 
of the inverter input voltage supplied from inverter- input- 
voltage calculating unit 50, and provides the calculated 
duty ratio to PWM signal converting unit 54. Based on 
the duty ratio supplied from duty ratio calculating unit 
52, PWM signal converting unit 54 generates signal 
PWU for turning on/off each of NPN transistors Q1 and 
Q2 of up-converter 12 and provides the generated sig- 
nal PWU to NPN transistors Q1 and Q2 of up-converter 
12. 

[0097] A greater amount of electric power is accumu- 
lated by reactor L1 by increasing on-duty of NPN tran- 
sistor Q2 which is the lower transistor of up-converter 
1 2, and accordingly a higher-voltage output is obtained. 
The voltage on the power supply line of inverter 14 is 
decreased by increasing the on-duty of the upper tran- 
sistor, i.e., NPN transistor Q1. The duty ratio of NPN 
transistors Q1 and Q2 can thus be controlled to control 
the voltage on the power supply line such that the volt- 
age on the power supply line is an arbitrary voltage of 
at least the output voltage of DC power supply B. 
[0098] Motor-torque control means 301 of control unit 
30 thus controls up-converter 12 and inverter 14 for al- 
lowing motor M1 to generate torque according to torque 
control value TR supplied from the external ECU. Motor 
M1 accordingly generates the torque designated by 
torque control value TR. 

[0099] Referring to Fig. 4, motor driver 100 operates 
as described below. The operation is started and voltage 
sensor 11 detects input voltage V2 to up-converter 12 
(step S1) to output the detected voltage V2 to control 
unit 30. Voltage-conversion control means 302 of con- 
trol unit 30 receives voltage V2 from voltage sensor 11 
to determine whether or not the received voltage V2 is 
higher than a predetermined value (step S2). 
[0100] This predetermined value is determined ac- 
cording to a formula: predetermined value = VO + a, 
where V0 represents a voltage which is output from DC 
power supply B, and a is determined in such a way that 
the sum of VO and a is a voltage which is impossible to 
be output from DC power supply B. In other words, the 
predetermined value is set at a certain voltage which is 
never output from DC power supply B. Then, if the volt- 
age output from DC power supply B varies, to the max- 
imum value of the varying output voltage, a is added to 
determine the predetermined value. 
[0101] In step S2, if it is determined that voltage V2 is 



higher than the predetermined value, voltage-conver- 
sion control means 302 generates signal STP for stop- 
ping up-converter 12 and provides that signal to NPN 
transistors Q1 and Q2 of up-converter 12. Accordingly, 

5 NPN transistors Q1 and Q2 are stopped by signal STP 
and thus up-converter 12 is stopped (step S3). This is 
because voltage-conversion control means 302 judges, 
from the fact that voltage V2 is higher than the prede- 
termined voltage, that an overvoltage is applied to the 

10 input of up-converter 12, and then stops up-converter 
12 in order to prevent the overvoltage equal to or higher 
than the withstand voltage from being applied to capac- 
itor C1 and DC/DC converter 1 9. 
[01 02] Up-converter 1 2 is thus stopped and then a DC 

is voltage is supplied from DC power supply B to DC/DC 
converter 1 9 via capacitorCI (step S4). DC/DC convert- 
er 19 down-converts the supplied DC voltage and pro- 
vides the resultant voltage to inverter 20 which converts 
the DC voltage into an AC voltage for driving motor 21 

20 for the air conditioner. 

[01 03] As described above, when it is determined that 
an overvoltage is applied to the input of up-converter 12, 
up-converter 12 is stopped from operating to eliminate 
the cause for the overvoltage and accordingly continue 

25 driving of the auxiliary equipment constituted of DC/DC 
converter 19, inverter 20 and air-conditioner motor 21 . 
The series of steps of the operation are completed in 
this way (step S5). 

[0104] In step S2, if voltage V2 is equal to or lower 

30 than the predetermined value, voltage-conversion con- 
trol means 302 receives, from the external ECU, a signal 
KR indicating whether or not the hybrid or electric vehi- 
cle is in the regenerative braking mode. Based on this 
signal KR, it is determined that whether the vehicle is in 

35 the regenerative braking mode (step S6). If voltage-con- 
version control means 302 determines that the vehicle 
is in the regenerative braking mode, control means 302 
generates signal PWMC for converting an AC voltage 
from motor M 1 into a DC voltage, provides signal PWMC 

40 to inverter 1 4, and accordingly controls inverter 1 4 such 
that inverter 14 converts the AC voltage from motor M1 
into the DC voltage (step S7). Accordingly, switching of 
NPN transistors Q4, Q6 and Q8 of inverter 14 is control- 
led as discussed above by signal PWMC and inverter 

<5 1 4 converts the AC voltage from motor M 1 into the DC 
voltage which is then supplied to up-converter 12. 
[0105] Further, voltage-conversion control means 
302 generates signal PWD and provides this signal to 
up-converter 12 in order to control up-converter 1 2 such 

50 that up-converter 1 2 down-converts the DC voltage from 
inverter 14 to charge DC power supply B (step S8). 
Then, in up-converter 12, NPN transistor Q1 is turned 
on while NPN transistor Q2 is turned off to down-convert 
the DC voltage from inverter 14 and accordingly charge 

55 DC power supply B (step S9). After this, this operation 
returns to step S2. 

[0106] In step S6, if it is determined that the vehicle 
is not in the regenerative braking mode, motor-torque 
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control means 301 generates signals PWU and PWMI 
as described above based -on torque control value TR 
and motor rotation number MRN from the external ECU, 
output voltage V1 of DC power supply B that is provided 
from voltage sensor 10. input voltage IVV from voltage 
sensor 13, and motor current MCRTfrom current sensor 
24. The generated signals PWU and PWMI are supplied 
respectively to up-converter 1 2 and inverter 14. Inverter 
14 driving motor M1 is then controlled such that motor 
M1 outputs the torque which is designated by torque 
control value TR (step S10). The operation thereafter 
returns to step S2 and the steps discussed above are 
carried out. 

[0107] In the flowchart shown in Fig. 4, the operation 
of steps S3 and S4 is performed, when the overvoltage 
is applied to the input of up-converter 1 2, by eliminating 
the cause for the overvoltage to continuously drive the 
auxiliary equipment. The operation of steps S7-S9 is 
performed, in the regenerative braking mode, by con- 
verting the AC voltage generated by motor M1 into the 
DC voltage to charge DC power supply B. The operation 
of step S1 0 is performed to allow motor M1 to generate 
torque. 

[0108] Further, in the flowchart shown in Fig. 4, the 
determination as to whether voltage V2 on the input of 
up-converter 12 is higher than the predetermined value 
(step S2) precedes the determination as to whether the 
vehicle is in the regenerative braking mode (step S6) as 
described above, the determination regarding the re- 
generative braking mode may precede the determina- 
tion as to whether voltage V2 is higher than the prede- 
termined voltage. In this case, regardless of whether it 
is determined that the vehicle is in the regenerative brak- 
ing mode or it is determined that the vehicle is not in the 
regenerative braking mode, the determination as to if 
voltage V2 is higher than the predetermined value is 
made. 

[0109] Instead of the operation of motor driver 100 
shown in the flowchart in Fig. 4, an operation shown in 
the flowchart in Fig. 5 may be employed. The flowchart 
in Fig. 5 is the same as that in Fig. 4 except that steps 
S1 and S2 in Fig. 4 are replaced with steps S20 and S21 
respectively. 

[0110] Referring to Fig. 5, the operation is started and 
voltage sensor 1 8 detects voltage Vf applied to the DC 
load (DC/DC converter 19) (step S20) and then outputs 
the detected voltage Vf to control unit 30. Voltage-con- 
version control means 302 of control unit 30 determines 
whether voltage Vf from voltage sensor 1 8 Is higher than 
a predetermined value (step S21 ). If it is determined that 
voltage Vf is higher than the predetermined value, the 
operation proceeds to step S3. If it is determined that 
voltage Vf is equal to or lower than the predetermined 
value, the operation proceeds to step S6. Subsequent 
steps are the same as those described above in con- 
nection with the flowchart shown in Fig. 4. 
[0111] In the flowchart shown in Fig. 5, the determi- 
nation as to whether or not voltage Vf applied to the DC 



load is higher than the predetermined value (step S21) 
precedes the determination as to whether the vehicle is 
in the regenerative braking mode (step S6) as described 
above. Instead of this, the determination regarding the 

5 regenerative braking mode may precede the determina- 
tion as to whether voltage Vf is higher than the prede- 
termined value. In this case, regardless of whether it is 
determined that the vehicle is in the regenerative brak- 
ing mode or it is determined that the vehicle is not in the 

io regenerative braking mode, the determination as to if 
voltage Vf is higher than the predetermined value is 
made. 

[0112] According to the flowchart shown in Fig. 5, 
when voltage Vf applied to the DC load (DC/DC conven- 
es er 19) is higher than the predetermined value, it is de- 
termined that the overvoltage is applied to the DC load 
to stop up-converter 12 for eliminating the cause for the 
overvoltage. Therefore, the predetermined value used 
in step S21 is determined by the above-described rneth- 
20 od based on the withstand voltage of the DC load-relat- 
ed circuitry. 

[0113] In addition, the operation of motor driver 100 
may follow the flowchart shown in Fig. 6. The flowchart 
in Fig. 6 is the same as that in Fig. 4 except that steps 

25 S1 and S2 in Fig. 4 are replaced with steps S30-S32. 
[011 4] Referring to Fig. 6, the operation is started and 
voltage sensor 10 detects voltage V1 output from DC 
power supply B (step S30) and provides the detected 
voltage V1 to control unit 30. Voltage sensor 11 detects 

30 voltage V2 on the input of up-converter 12 (step S31) 
and provides the detected voltage V2 to control unit 30. 
[01 1 5] Voltage-conversion control means 302 of con- 
trol unit 30 then determines whether voltage V1 from 
voltage sensor 1 0 matches voltage V2 from voltage sen- 

35 sor 11 (step S32). If voltage V1 does not match voltage 
V2, the operation proceeds to step S3. If voltage V1 
matches voltage V2, the operation proceeds to step S6. 
The subsequent steps are the same as those described 
above in connection with Fig. 4. 

40 [01 16] Here, it is indicated in step S4 that the voltage 
is supplied to the DC load, which means that the voltage 
is supplied from capacitor C1 to DC/DC converter 1 9. If 
voltage V1 does not match voltage V2, DC power supply 
B is separated from capacitor CI and accordingly, the 

45 power accumulated in capacitor C1 is supplied to DC/ 
DC converter 1 9. 

[0117] In the flowchart shown in Fig. 6, the determi- 
nation as to whether or not voltage V1 matches voltage 
V2 (stepS32) precedes the determination as to whether 

50 the vehicle is in the regenerative braking mode (step S6) 
as described above. Instead of this, the determination 
regarding the regenerative braking mode may precede 
the determination as to whether voltage V1 matches 
voltage V2. In this case, regardless of whether it is de- 

55 termined that the vehicle is in the regenerative braking 
mode or it is determined that the vehicle is not in the 
regenerative braking mode, the determination as to if 
voltage V1 matches voltage V2 is made. 
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[01 1 8] According to the flowchart shown in Fig. 6, it is 
determined whether or not voltage V1 output from DC 
power supply B matches voltage V2 on the input of up- 
converter 12 arid, up-converter 1 2 is stopped if the volt- 
ages do not match. The fact that voltage V1 does not 
match voltage V2 indicates that DC power supply B is 
separated from capacitor C1 , up-converter 12 and DC/ 
DC converter 1 9 due to any malfunction of system relays 
SR1 and SR2 or brake. In this case, if regenerative brak- 
ing occurs with DC power supply B separated, an over- 
voltage is applied to the input of up-converter 12. In or- 
der to avoid this, up-converter 12 is stopped for elimi- 
nating the cause for the overvoltage when it is found that 
DC power supply B is separated. Here, control unit 30 
does not particularly control inverter 14. 
[0119] According to the present invention as dis- 
cussed above, voltage-conversion control means 302 
judges whether or not an overvoltage is applied to the 
input of up-converter 1 2 according to whether input volt- 
age V2 of up-converter 1 2 is higher than a predeter- 
mined value or not, or whether voltage Vf applied to the 
DC load is higher than a predetermined value or not. 
When control means 302 judges that the overvoltage is 
applied thereto, control means 302 stops up-converter 
12. Moreover, according to the present invention, volt- 
age-conversion control means 302 detects whether or 
not DC power supply B is separated according to the 
determination as to whether or not output voltage V1 of 
DC power supply B matches input voltage V2 of up-con- 
verter 12. Then, if DC power supply B is separated, up- 
converter 12 is stopped. 

[0120] The present invention is thus characterized in 
that up-converter 12 is stopped when the overvoltage is 
applied to the input of up-converter 1 2 or DC power sup- 
ply B is separated. Specifically, the fact that the over- 
voltage is applied to the input of up-converter 12 or the 
fact that DC power supply B is separated means any 
malfunction occurs in the electrical system between the 
DC power supply and a voltage converter (up-converter 
1 2). Here, the operation of stopping up-converter 1 2 cor- 
responds to control of the voltage converter (up-convert- 
er 1 2) for protecting the electrical system of the DC load. 
[0121] Moreover, the present invention is character- 
ized in that, in the motor driver having one motor M1, 
up-converter 12 is stopped when any malfunction oc- 
curs in the electrical system between the DC power sup- 
ply and the voltage converter (up-converter 12). 
[0122] When voltage V2 from voltage sensor 11 is 
used for detecting an overvoltage on the input of up- 
converter 12, voltage sensor 11 , up-converter 12, invert- 
er 14, DC/DC converter 19, and control unit 30 consti- 
tute "load driver." 

[0123] In addition, when voltage Vf from voltage sen- 
sor 1 8 is used for detecting the overvoltage on the DC 
load, up-converter 12, inverter 14, voltage sensor 18, 
DC/DC converter 1 9, and control unit 30 constitute "load 
driver." 

[0124] Further, when voltage V1 from voltage sensor 



10 and voltage V2 from voltage sensor 11 are used for 
detecting whether DC power supply B is separated or 
not, voltage sensors 1 0 and 11 , up-converter 12, invert- 
er 14, DC/DC converter 19, and control unit 30 consti- 

5 tute "load driver." 

[01 25] According to the description above, it is detect- 
ed that DC power supply B is separated if voltage V1 
from voltage sensor 1 0 does not match voltage V2 from 
voltage sensor 11 . Instead of this, the ECU external to 

10 the voltage converter may detect whether DC power 
supply B is separated or not according to the present 
invention. In this case, control unit 30 receives a detec- 
tion signal indicative of separation of DC power supply 
B from the external ECU and, according to the detection 

15 signal , control unit 30 generates signal STP for stopping 
up-converter 12 and provides the signal STP to up-con- 
verter^. 

[0126] Further, according to the description above, 
motor M1 generates electric power. The device with the 

20 power- gene rating function may generally be an AC 
power generator according to the present invention. 
[0127] In addition, according to the description above, 
the electrical system of the DC load connected to the 
DC power supply B is constituted of DC/DC converter 

25 ig, inverter 20 and air-conditioner motor 21. Here, the 
electrical system may be any auxiliary equipment or cir- 
cuitry mounted on a hybrid or electric vehicle. 
[0128] According to the present invention, a control 
method for safely driving the DC load follows any of the 

30 flowcharts shown in Figs. 4-6 respectively. 

[0129] Moreover, the control by control unit 30 for 
safely driving the DC load is actually carried out by a 
CPU (Central Processing Unit). CPU reads, from a ROM 
(Read-Only Memory), a program including the steps 

35 shown in any of the flowcharts in Figs. 4-6, and then 
executes the program read from the ROM to control driv- 
ing of the DC load according to any of the flowcharts 
shown in Figs. 4-6. The ROM thus corresponds to a 
computer (CPU)-readable recording medium on which 

^0 a program is recorded that includes the steps of any of 
the flowcharts shown respectively in Figs. 4-6. 
[0130] According to the first embodiment, the load 
driver has the control unit which controls the up-convert- 
er in such a way that the up-converter is stopped from 

45 operating If any malfunction occurs in the electrical sys- 
tem between the DC power supply and the up-converter. 
Accordingly, an overvoltage is prevented from being ap- 
plied to the input of the up-converter. 

so Second Embodiment 

[0131] Referring to Fig. 7, a motor driver 200 having 
a load driver according to a second embodiment in- 
cludes a DC power supply B, voltage sensors 10,11,13 
55 and 1 8, system relays SR1 and SR2, capacitors C1 and 
C2, an up-converter 12, inverters 14 and 31, current 
sensors 24 and 28, and a control unit 300. Motor driver 
200 drives two motors M1 and M2. Of the motors M1 
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and M2, one motor M1 generates torque for driving drive 
wheels of a hybrid or electric vehicle and the other motor 
M2 is used for a power generator or for auxiliary equip- 
ment if the vehicle is the hybrid vehicle and is used for 
auxiliary equipment if the vehicle is the electric vehicle. 
[0132] DC power supply B, voltage sensors 10, 11, 13 
and 18, system relays SR1 and SR2, capacitors C1 and 
C2, up-converter 12, inverter 14, and current sensor 24 
are as those described above in connection with the first 
embodiment. Here, capacitor C2 receives a DC voltage 
from up-converter 12 via nodes N1 and N2 to smooth 
the received DC voltage and supplies the smoothed 
voltage to inverter 31 as well as inverter 14. 
[0133] Current sensor 24 detects a motor current 
MCRT1 which is then provided to control unit 300. In- 
verter 14 converts, according to a signal PWM11 from 
control unit 300, the DC voltage from capacitor C2 into 
an AC voltage to drive motor M1 and, according to a 
signal PWMC1, converts an AC voltage generated by 
motor M1 into a DC voltage. 

[0134] Inverter 31 has the same configuration as that 
of inverter 14. Inverter31 converts, according to a signal 
PWMI2 from control unit 300, the DC voltage from ca- 
pacitor C2 into an AC voltage to drive motor M2 and, 
according to a signal PWMC2, converts an AC voltage 
generated by motor M2 into a DC voltage. Current sen- 
sor 2B detects a motor current MCRT2 flowing to each 
phase of motor M2 and outputs the detected current to 
control unit 300. 

[0135] Control unit 300 receives output voltage V1 of 
DC power supply B from voltage sensor 10, receives 
voltage V2 on the input of up-converter 12 from voltage 
sensor 11 , receives motor currents MCRT1 and MCRT2 
from respective current sensors 24 and 28, receives in- 
put voltage IVV to inverters 14 and 31 from voltage sen- 
sor 1 3, and receives torque control values TR1 and TR2 
and motor rotation number MRN1 and MRN2 from an 
external ECU. Based on voltage V1, input voltage IW, 
motor current MCRT1, torque control value TR1 and 
motor rotation number MRN1, control unit 300 gener- 
ates signal PWMI1 for controlling switching of NPN tran- 
sistors Q3-Q8 of inverter 1 4 when inverter 1 4 drives mo- 
tor M1 following the above-described method, and pro- 
vides the generated signal PWMI1 to inverter 14. 
[0136] Further, based on voltage V1, input voltage 
IW, motor current MCRT 2, torque control value TR2 
and motor rotation number MRN2, control unit 300 gen- 
erates signal PWMI2 for controlling switching of NPN 
transistors Q3-Q8 of inverter 31 when inverter 31 drives 
motor M2 following the above-described method, and 
provides the generated signal PWMI2 to inverter 31 . 
[0137] When inverter 14 (or 31) drives motor M1 (or 
M2), control unit 300 generates signal PWU for control- 
ling switching of NPN transistors Q1 and Q2 of up-con- 
verter 12 following the above-described method, based 
on voltage V1 , input voltage IW, motor current MCRT1 
(or MCRT2), torque control value TR1 (orTR2) and mo- 
tor rotation number MRN1 (or MRN2) and provides the 



generated signal PWU to up-converter 12. 
[0138] Further, control unit 300 determines, based on 
voltage V2 from voltage sensor 11 or voltage Vf from 
voltage sensor 1 8, whether or not the overvoltage is ap- 

5 plied to the input of up-converter 12, following the 
above-described method. If the overvoltage is applied 
thereto : control unit 300 generates signal STP for stop- 
ping up-converter 1 2 and provides the signal STP to up- 
converter 12. Alternatively, control unit 300 may deter- 

10 mine, based on voltages V1 and V2, whether or not DC 
power supply B is separated, following the above-de- 
scribed method to generate signal STP for stopping up- 
converter 1 2 if DC power supply B is separated and pro- 
vide the generated signal STP to up-converter 12. 

15 [0139] In regenerative braking mode, control unit 300 
generates signal PWMC1 for converting the AC voltage 
generated by motor Ml into the DC voltage or generates 
signal PWMC2 for converting the AC voltage generated 
by motor M2 into the DC voltage, and supplies the gen- 

20 erated signal PWMC1 or PWMC2 to inverter 14 or in- 
verter 31 , respectively. At this time, control unit 300 gen- 
erates signal PWD for controlling up-converter 12 such 
that up-converter 1 2 down-converts the DC voltage from 
inverter 14 or 31 to charge DC power supply B, and pro- ' 

25 vides the generated signal PWD to up-converter 12. 
[0140] In addition, control unit 300 generates signal 
SE for making system relays SR1 and SR2 on to provide 
the signal SE to system relays SR1 and SR2. 
[0141] Fig. 8 is a functional block diagram of control 

30 unit 300. Control unit 300 includes voltage-conversion 
control means 302 and motor-torque control means 
303. Voltage-conversion control means 302 performs, 
in addition to the functions discussed in connection with 
the first embodiment, a function of outputting signal STP 

35 not only to up-converter 1 2 but also motor-torque control 
means 303. This signal STP is generated by control 
means 302 when It is detected that the overvoltage is 
applied to the input of up-converter 12 or that DC power 
supply B is separated. Voltage-conversion control 

^0 means 302 generates, in regenerative braking mode, 
two signals PWMC1 and PWMC2 to be supplied to in- 
verters 14 and 31 respectively. 

[0142] Further, motor-torque control means 303 per- 
forms a function in addition to the functions discussed 

^5 above in connection with the first embodiment. Specifi- 
cally, when motor-torque control means 303 receives 
signal STP from voltage-conversion control means 302, 
motor-torque control means 303 generates signals for 
driving motors M1 and M2 to maintain a balance be- 

50 tween supply and consumption of the electric energy 
held in the circuitry on the output side of up-converter 
12, that is, the balance between the supply and con- 
sumption of the electric energy is kept with respect to 
motors M1 and M2. The signals thus generated by mo- 

55 tor-torque control means 303 are output respectively to 
inverters 14 and 31 . Here again, switching of NPN tran- 
sistors Q3-Q8 in inverters 14 and 31 is controlled and 
accordingly, motor-torque control means 303 provides, 
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to inverters 14 and 31 , respective signals PWM11 and 
PWMI2 for driving motors M1 and M2 to maintain a bal- 
ance between supply and consumption (of electric en- 
ergy) with respect to motor M1 and motor M2. Then, in- 
verter 14 drives motor M1 according to signal PWMI1 
while inverter 31 drives motor M2 according to signal 
PWMI2 in such a way that the balance between supply 
and consumption of the electric energy with respect to 
motors M1 and M2 is maintained. 
[01 43] Motor driver 200 operates as discussed below. 
Motor driver 200 stops up-converter 12 when the over- 
voltage is detected on the input of up-converter 12. The 
operation here of motor driver 200 thus follows the flow- 
chart shown in Fig. 4 or Fig. 5. 

[0144] Motor driver 200 may alternatively operate fol- 
lowing the flowchart shown in Fig. 9. The flowchart in 
Fig. 9 Is the same as that in Rg. 6 except that the flow- 
chart in Fig 9 includes an additional step S33. 
[0145] Referring to Fig. 9, up-converter 12 is stopped 
(step S3), and then motors M1 and M2 are operated to 
keep the balance between supply and consumption of 
the electric energy with respect to motors M1 and M2 
(step S33). The operation here then proceeds to step 
S4 described above. 

[01 46] Motors M1 and M2 may be operated in various 
manners in step S33. Motors M1 and M2 may typically 
be operated as follows: 

(1) when up-converter 12 is stopped, motors M1 
and M2 are operated with the electric power accu- 
mulated in capacitor C2; or 

(2) one of motors M1 and M2 serves as a regener- 
ative power generator to generate power which is 
used for charging capacitor C2 and accordingly op- 
erating the other motor. 

[0147] When the motors are operated in manner (1), 
motor torque control means 303 generates signals 
PWMI1 and PWMI2 by the above-discussed method to 
output the signals to inverters 14 and 31 respectively. 
According to signal PWMI1 , inverter 14 converts the DC 
voltage from capacitor C2 into an AC voltage for driving 
motor M1 . According to signal PWMI2, inverter 31 con- 
verts the DC voltage from capacitor C2 into an AC volt- 
age for driving motor M2. Motors M1 and M2 are 
stopped from operating when the electric power accu- 
mulated in capacitor C2 becomes zero. 
[0148] When the motors are operated in manner (2), 
motor torque control means 303 generates, by the 
above-described method, signals PWMI1 and PWMC2 
or signals PWMC1 and PWMI2 to provide the signals to 
inverters 14 and 31 . If motor torque control means 303 
outputs signals PWMI1 and PWMC2, inverter 31 con- 
verts an AC voltage generated by motor M2 into a DC 
voltage in response to signal PWMC2 to charge capac- 
itor C2 while inverter 14 converts the DC voltage from 
capacitor C2 into an AC voltage in response to signal 
PWMI1 to drive motor M1 . 



[0149] If motor torque control means 303 outputs sig- 
nals PWMC1 and PWMI2, inverter 14 converts an AC 
voltage generated by motor M1 into a DC voltage in re- 
sponse to signal PWMC1 to charge capacitor C2 while 
5 inverter 31 converts the DC voltage from capacitor C2 
into an AC voltage in response to signal PWMI2 to drive 
motor M2. 

[0150] In this way, when up-converter 12 is stopped 
for the reason that DC power supply B is separated, mo- 
io tors M1 and M2 are operated to maintain the balance 
between supply and consumption of the electric energy 
with respect to motors M1 and M2. 
[0151] Other details are the same as those of the first 
embodiment. 

is [0152] According to the description above, two motors 
are employed. Instead, three or more motors may be 
used according to the present invention. In this case, 
depending on the number of additional motors, one or 
any number of combinations each consisting of a motor 

20 and an inverter for driving the motor are connected to 
nodes N1 and N2 shown in Fig. 7. Specifically, one or 
any number of combinations each of a motor and an in- 
verter are connected in parallel to nodes N1 and N2. 
[01 53] The second embodiment applied to the motor 

25 driver driving at least two motors is characterized in that, 
as the first embodiment, the up-converter is stopped 
when the overvoltage is detected on the input of the up- 
converter. 

[0154] Moreover, the second embodiment applied to 
30 the motor driver driving at least two motors is character- 
ized in that the up-converter is stopped when the DC 
power supply is separated while the motors are operat- 
ed to keep the balance between supply and consump- 
tion of the electric energy with respect to these motors. 
35 [01 55] Here, when voltage V2 from voltage sensor 1 1 
is used to detect the overvoltage on the input of up-con- 
verter 12, voltage sensor 11. up-converter 12, inverter 
14, DC/DC converter 19 and control unit 300 constitute 
"load driver." 

40 [0156] When voltage Vf from voltage sensor 18 is 
used to detect the overvoltage to the DC load, up-con- 
verter 12, inverter 14, voltage sensor 18, DC/DC con- 
verter 19 and control unit 300 constitute "load driver." 
[0157] When voltage V1 from voltage sensor 10 and 

45 voltage V2 from voltage sensor 11 are used to detect 
that DC power supply B is separated, voltage sensors 
1 0 and 1 1 , up-converter 12, inverter 1 4, DC/DC convert- 
er 19 and control unit 30.0 constitute "load driver." 
[0158] According to the present invention, a control 

so method for safely driving the DC load follows any of the 
flowcharts shown respectively in Figs. 4, 5 and 9. 
[0159] The control by control unit 300 for safely driving 
the DC load is actually carried out by a CPU (Central 
Processing Unit). CPU reads, from a ROM (Read-Only 

55 Memory), a program including the steps shown in any 
of the flowcharts in Figs. 4, 5 and 9, and then executes 
the program read from the ROM to control driving of the 
DC load according to any of the flowcharts shown in 
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Figs. 4, 5 and 9. The ROM thus corresponds to a com- 
puter (CPU)-readable recording medium on which a 
program is recorded that includes the steps of any of the 
flowcharts shown respectively in Figs. 4, 5 and 9. 
[0160] According to the second embodiment, the load 
driver has the control unit which controls the up-convert- 
er in such a way that the up-converter is stopped from 
operating if any malfunction occurs in the electrical sys- 
tem between the DC power supply and the up-converter. 
Accordingly, the overvoltage is prevented from being 
applied to the input of the up-converter. 
[0161] In addition, when any malfunction occurs in the 
electrical system between the DC power supply and the 
up-converter, the control unit of the load driver stops the 
up-converterf rom operating and then controls a plurality 
of inverters respectively driving a plurality of motors in 
such a way that the balance between supply and con- 
sumption of electric energy with respect to these motors 
is maintained. Accordingly, the electrical system of the 
DC load connected between the DC power supply and 
the up-converter is protected and the energy is effec- 
tively used. 

Third Embodiment 

[0162] Referring to Fig. 10 a motor driver 400 having 
a load driver according to a third embodiment is the 
same as motor driver 200 except that motor driver 400 
includes a control unit 300A instead of control unit 300 
of motor driver 200. In addition, an engine 35 is connect- 
ed to motor M2. Motor M2 thus serves to electromag- 
netically transmit torque from the output shaft of engine 
35 to the vehicle-driving-shaft and also serves as a pow- 
er generator converting a part or the whole of engine 
torque into electric energy. In addition, an auxiliary bat- 
tery 60 is connected to the DC/DC converter 19. 
[0163] In motor driver 400, DC/DC converter 19 is 
connected between DC power supply B and up-convert- 
er 12 to down-convert a DC voltage from DC power sup- 
ply B and accordingly charge auxiliary battery 60 (e.g. 
output voltage 12 V). As DC/DC converter 19 is placed 
between DC power supply B and up-converter 12, a re- 
quired withstand voltage of DC/DC converter 19 is de- 
termined according to an output voltage of DC power 
supply B. Then, the withstand voltage of DC/DC con- 
verter 19 placed between DC power supply B and up- 
converter 1 2 is smaller than that of DC/DC converter 1 9 
placed between up-converter 12 and inverters 14 and 
31. 

[01 64] Moreover, requirements of the specification of 
the components of DC/DC converter 19 are made less 
severe, which means the circuit configuration of DC/DC 
converter 19 may be simplified. Consequently, reduc- 
tion in the cost and size of DC/DC converter 19 is 
achieved. 

[01 65] Auxiliary battery 60 is used as a power supply 

of such a control circuit as control unit 300A. 

[0166] Control unit 300A performs, in addition to the 



functions of control unit 300, a function as specifically 
described below. 

[01 67] When voltage V1 from voltage sensor 1 0 does 
not match voltage V2 from voltage sensor 11, control 

s unit 300A decreases the output of engine 35 while con- 
trolling inverters 14 and 31 in such a way that the DC 
voltage obtained by converting, by inverter 31 , the volt- 
age generated by motor M2 is lower than the withstand 
voltage of DC/DC converter 1 9. 

w [0168] More specifically, control unit 300A generates 
signal PWMC2 for converting the AC voltage generated 
by motor M2 from torque of engine 35 into the DC volt- 
age to supply the generated signal to inverter 31 , and 
generates signal PWMI1 for converting the DC voltage 

15 from capacitor C2 into the AC voltage to drive motor M1 
or a signal STPI for stopping inverter 14 to provide the 
resultant signal to inverter 14. 

[0169] When the DC voltage obtained by converting 
by inverter 31 the voltage generated by motor M2 based 

20 on the torque from engine 35 is equal to or higher than 
the withstand voltage of DC/DC converter 19, control 
unit 300 A drives inverter 14 such that voltage IW from 
voltage sensor 13 is lower than the withstand voltage of 
DC/DC converter 1 9. Then, control unit 300A generates 

25 signal PWMI1 and provides this signal to inverter 14 for 
converting the DC voltage from capacitor C2 into an AC 
voltage so as to cause a part of the DC power accumu- 
lated in capacitor C2 to be consumed by motor M1 . 
[0170] On the other hand, signal STPI is generated 

30 and provided to inverter 1 4 for stopping inverter 1 4 when 
the DC voltage obtained by converting by inverter 31 the 
voltage generated by motor M2 based on torque from 
engine 35 is lower than the withstand voltage of DC/DC 
converter 19. 

35 [0171] In this way, control unit300A controls inverters 
1 4 and 31 such that the AC voltage generated based on 
the torque of engine 35 is converted into a DC voltage 
which is lower than the withstand voltage of DC/DC con- 
verter 19. 

to [0172] Moreover, control unit 300A generates signal 
PWH for keeping NPN transistor Q2 continuously in 
OFF state and keeping NPN transistor Q1 continuously 
in ON state and provides signal PWH to up-converter 
12. Then the configuration of up-converter 12 is 

45 changed to allow up-converter 1 2 to directly output a DC 
voltage supplied from nodes N1 and N2 to DC power 
supply B. Then, the voltage generated by motor M2 and 
converted by inverter 31 into a DC voltage is supplied 
to DC/DC converter 19. 

50 [0173] Preferably, when voltage V1 does not match 
voltage V2, control unit 300A determines whether volt- 
age V2 from voltage sensor 1 1 (or voltage Vf from volt- 
age sensor 1 8) is equal to or more than a predetermined 
value. Then, if voltage V2 (or voltage Vf) is smaller than 

55 the predetermined value, control unit 300A controls en- 
gine 35 and inverters 14 and 31 to supply the voltage 
generated by motor M2 and converted by inverter 31 
into the DC voltage directly to DC/DC converter 1 9. 



14 



27 



EP 1 306 262 A2 



28 



[0174] As discussed above, when voltage V1 does 
not match voltage V2, that is, when it is detected that 
DC power supply B is separated from capacitor C1 , up- 
converter 1 2 and DC/DC converter 19, control unit 300A 
controls engine 35 and inverters 14 and 31 to generate 
a DC voltage lower than the withstand voltage of DC/ 
DC converter 19 and supply the generated DC voltage 
directly to DC/DC converter 19. Preferably, control unit 
300A confirms that no overvoltage is applied to DC/DC 
converter 19 to directly supply the voltage generated by 
motor M2 and converted by inverter 31 into the DC volt- 
age to DC/DC converter 1 9. 

[0175] Referring to Fig. 11 , motor driver 400 operates 
as detailed below. The flowchart in Fig. 1 1 is the same 
as that in Fig. 6 except that steps S3 and S4 in the flow- 
chart shown in Fig. 6 are replaced with steps S34 and 
S35 in the flowchart shown in Fig 11 . 
[0176] Referring to Fig. 11 , it is determined in step S32 
that voltage V1 does not match voltage V2. Then, con- 
trol unit 300A controls engine 35 to decrease the output 
therefrom and generates signal PWMC2 for converting 
an AC voltage generated by motor M2 based on torque 
of engine 35 into a DC voltage to provide the generated 
signal to inverter 31 . Further, control unit 300A gener- 
ates signal PWMI1 or signal STPI to provide the gener- 
ated signals to inverter 14 as described above (step 
S34). 

[01 77] Control unit 300 A generates signal PWH which 
is output to up-converter 1 2. The AC voltage generated 
based on the torque of engine 35 is converted into the 
DC voltage which is lower than the withstand voltage of 
DC/DC converter 19. The resultant DC voltage is direct- 
ly supplied via up-converter 12 to DC/DC converter 19 
(step S35). A series of steps of this operation is com- 
pleted accordingly. Other details are as those described 
in connection with the first embodiment. 
[0178] Motor driver 400 may operate following the 
flowchart shown in Fig. 12, The flowchart in Fig. 12 is 
the same as that in Fig. 11 except that steps S33 : S3 
and S4 are added to the flowchart of Fig. 11 . The oper- 
ation of steps S3 and S4 is as described above in con- 
nection with the first embodiment. 
[0179] Referring to Fig. 12, it is determined in step 
S32 that voltage V1 does not match voltage V2. Then, 
control unit 300A determines whether or not voltage V2 
from voltage sensor 1 1 (or voltage Vf from voltage sen- 
sor 1 8) is equal to or higher than a predetermined value 
Vstd (step S33). In step S33 if it is determined that volt- 
age V2 (or voltage Vf) is equal to or more than prede- 
termined value Vstd, the operation proceeds to step S3. 
If it is determined that voltage V2 (or voltage Vf) is small- 
er than predetermined value Vstd, the operation pro- 
ceeds to step S34. After this, steps S3 and S4 or steps 
S34 and S35 are earned out. 

[0180] In other words, when voltage V2 (or voltage Vf) 
is equal to or more than predetermined value Vstd, up- 
converter 12 is stopped to supply electric power accu- 
mulated in capacitor C1 to DC/DC converter 19. When 



it is determined that voltage V2 (or voltage Vf) is smaller 
than predetermined value Vstd, voltage generated by 
motor M2 based on the torque of engine 35 and con- 
verted into DC voltage by inverter 31 is supplied directly 
5 to DC/DC converter 19. 

( [0181] According to the third embodiment as de- 
V- scribed above, when any failure in system relays SR1 
and SR2 or brake causes DC power supply B to be sep- 
arated from capacitor C1 , up-converter 12 and DC/DC 

w converter 19, the voltage generated according to the 
torque of engine 35 and converted into the DC voltage 
lower than the withstand voltage of DC/DC converter 19 
is directly supplied to DC/DC converter 19. ^ 
[0182] Preferably the DC voltage generated accord- 

75 ing to the torque of engine 35 and converted into the DC 
voltage lower than the withstand voltage of DC/DC con- 
verter 1 9 is supplied directly to DC/DC converter 1 9 after 
it is confirmed that no overvoltage is applied to DC/DC 
converter 1 9. 

20 [01 83] In this way, even if DC power supply B is sep- 
arated from capacitor C1, up-converter 12 and DC/DC 
converter 19, DC/DC converter 19 can continue its op- 
eration. Then, the vehicle with motor driver 400 mounted 
thereon surely keeps moving. 

25 [0184] Voltage sensors 10, 11 and 18, up-converter 
1 2, inverters 1 4 and 31 . DC/DC converter 1 9 and control 
unit 300A constitute "load driver." 
[0185] A control method according to the present in- 
vention for safely driving a DC load follows the flowchart 

30 shown in Fig. 11 or 12. 

[0186] Moreover, the control by control unit 300A for 
safely driving the DC load is actually carried out by a 
CPU (Central Processing Unit). GPU reads, from a ROM 
(Read-Only Memory), a program including the steps 

35 shown in the flowchart in Fig. 11 or 12, and then exe- 
cutes the program read from the ROM to control driving 
of the DC load according to the flowchart shown in Fig. 
11 or 12. The ROM thus corresponds to a computer 
(CPU)-readable recording medium on which a program 

40 is recorded that includes the steps of the flowchart 
shown in Fig. 11 or 12. 

[01 87] Other details are the same as those of the sec- 
ond embodiment. 

[0188] According to the third embodiment, the load 
45 driver has the control unit and, under the control by the 
control unit, the power generated based on the torque 
of the engin e is converted into the DC voltage lower than 
the withstand voltage of the DC load and the resultant 
DC voltage is supplied directly to the DC load, when the 
so DC power supply is separated. The DC load can thus 
be kept driven while the DC load connected between 
the DC power supply and the up-converter is protected. 

Fourth Embodiment 

55 

[01 89] Referring to Fig. 1 3, a motor driver 500 having 
a load driver according to a fourth embodiment is the 
same as motor driver 400 except that control unit 300A 
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of motor driver 400 is replaced with a control unit 300B 
and that motor driver 500 includes diodes D9 and D10 
and a system relay SR3 in addition to the components 
of motor driver 400. 

[0190] System relay SR3 and diode D1 0 are connect- 
ed in series between node N3 and node N4. Diode D10 
is connected in the direction in which a DC current flows 
from system relay SR3 to node N4. System relay SR3 
is made on/off in response to a signal CHG from control 
unit 300B. 

[0191] Diode D9 is connected between a power sup- 
ply line of DC power supply B and node N4. Diode D9 
is connected in the direction in which a DC current from 
DC power supply B flows to node N4. 
[0192] Even when diodes D9 and D 10 cause system 
relay SR3 to be made on, short circuit is prevented that 
occurs between DC power supply B and inverters 14 
and 31 through the path of system relay SR3 and diode 
D10. 

[0193] In addition to the functions of control unit 300A, 
control unit 300B performs a function of generating sig- 
nal CHG to be output to system relay SR3 for turning 
on/off system relay SR3. 

[0194] As for motor driver 500, control unit 300B con- 
trols inverters 14 and 31 and engine 35 in such a way 
that, when voltage V1 does not match voltage V2, a DC 
voltage lower than the withstand voltage of DC/DC con- 
verter 19 is generated and supplied to up-converter 12 
via nodes N1 and N2. Control unit 300B further gener- 
ates signal STP for stopping up-converter 1 2 as well as 
signal CHG for making system relay SR3 on and pro- 
vides the signals respectively to up-converter 12 and 
system relay SR3. 

[0195] Accordingly, the voltage generated based on 
the torque of engine 35 and converted into a DC voltage 
is supplied via nodes N1 and N2 to up-converter 1 2 and 
supplied directly to DC/DC converter 1 9 via system relay 
SR3 and diode D10. 

[0196] In this way, the operation of DC/DC converter 
1 9 can be continued while overvoltage is prevented from 
being applied. 

[0197] Referring to Fig. 14, motor driver 500 operates 
as described below. The flowchart in Fig. 1 4 is the same 
as the flowchart in Fig. 11 except that step S35 in Fig. 
1 1 is replaced with step S36. 

[0198] After step S34, control unit 300B generates 
signal STP for stopping up-converter 1 2 and signal CHG 
for making system relay SR3 on and provides the gen- 
erated signals respectively to up-converter 1 2 and sys- 
tem relay SF13. 

[0199] The voltage generated based on the torque of 
engine 35 and converted into the DC voltage is thus sup- 
plied via nodes N1 and N2 to up-converter 12 and di- 
rectly to DC/DC converter 1 9 via system relay SR3 and 
diode D10 (step S36). A series of the steps of the oper- 
ation is then completed. Other details of the operation 
are described above. 

[0200] Motor driver 500 may operate following the 



flowchart shown in Fig. 15. The flowchart in Fig. 15 is 
the same as that in Fig. 12 except that step S35 in the 
flowchart of Fig. 12 is replaced with step S36 in Fig 15. 
[0201] Referring to Fig. 15, after step S34, step S36 
5 as described above is carried out. Other details are de- 
scribed above. 

[0202] According to the fourth embodiment as de- 
scribed above, when voltage V1 does not match voltage 
V2, which means that DC power supply B is separated, 
10 the voltage generated based on the torque of engine 35 
and converted into the DC voltage is supplied directly to 
DC/DC converter 19 via system relay SR3. 
r"[0203] The voltage generated by motor M2 and con- 
* verted by inverter 31 into the DC voltage is supplied to 
15 DC/DC converter 1 9 via system relay SR3, so that the 
power generated by motor M2 can be supplied to DC/ 
DC converter 19 even if NPN transistor Q1 of up-con- 
verter 1 2 fails. 

[0204] Voltage sensors 10, 11 and 18, up-converter 
20 12, inverters 14 and 31, DC/DC converter 19, system 
relay SR3, diodes D9 and D10 and control unit 300B 
constitute "load driver." 

[0205] Diode D10 constitutes "supply unit" which di- 
rectly supplies, to the DC load (DC/DC converter 19), a 
25 DC voltage produced from the power generated by mo- 
tor M2 and having a voltage level lower than a prede- 
termined value (voltage of at least the withstand voltage 
of DC/DC converter 1 9). 

[0206] System relay SR3 constitutes "switching unit" 
30 switching supply of a DC voltage between a voltagecon- 
verter (up-converter 12) and a supply unit (diode D10). 
[0207] A control method according to the present in- 
vention for safely driving a DC load follows the flowchart 
shown in Fig. 14 or 15. 
35 [0208] Moreover, the control by control unit 300 B for 
safely driving the DC load is actually carried out by a 
CPU (Central Processing Unit). CPU reads, froma ROM 
(Read-Only Memory), a program including trfe^steps 
shown in the flowchart in Fig. 14 or 15, and then exe- 
40 cutes the program read from the ROM to control driving 
of the DC load according to the flowchart shown in Fig. 
14 or 15. The ROM thus corresponds to a computer 
(CPU)-readable recording medium on which a program 
is recorded that includes the steps of the flowchart 
45 shown in Fig 14 or 15. 

[0209] Other details are the same as those of the sec- 
ond and third embodiments. 

[0210] According to the fourth embodiment, the load 
driver has the control unit and, under the control of the 
50 control uniytne power generated based on the torque 
of the engine is converted into the DC voltage lowerthan 
the withstand voltage of the DC loaoyerid the resultant 
DC voltage is supplied directly to the DC load, when the 
DC power supply is separated/i~he load driver further 
55 has the switching unit for switching supply of voltage 
generated by engine and converted into a DC voltage. 
Accordingly, even if the up-converter fails, the electric 
power generated according to torque of the engine can 
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surely be supplied to the DC load connected between 

the DC power supply and the up-converter. - 

[0211] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 

[021 2] In regenerative braking mode, an inverter (14) 
converts, according to PWMC signal from a control unit 
(30), an AC .voltage generated by a motor (M1) into a 
DC voltage to supply the converted DC voltage to an 
up-converter (12) which down-converts the DC voltage 
to charge a DC power supply (B). The control unit (30) 
receives voltage V2 from a voltage sensor (11) to stop 
the up-converter (12) if voltage V2 is higher than a pre- 
determined value. The control unit (30) further receives 
voltage Vf from a voltage sensor (1 8) that is applied to 
a DC/DC converter (1 9) and stops the up-converter (12) 
if voltage Vf is higherthan a predetermined value. More- 
over, the control unit (30) receives voltage V1 of the DC 
power supply (B) from a voltage sensor (1 0) to stop the 
up-converter (12) if voltage V1 does not match voltage 
V2. 



Claims 

1 . A load driver comprising: 

a DC power supply (B) outputting a DC voltage; 
a voltage converter (12) connected to said DC 
power supply (B) to provide, toward said DC 
power supply (B), a DC voltage based on elec- 
tric power generated by a power-generating 
unit (M1, M2); 

a DC load (1 9) connected in parallel with said 
voltage converter (1 2) to said DC power supply 
(B); and 

a control unit (30, 300, 300A, 300B) executing 
at least one of first control and second control 
when a malfunction is detected in an electrical 
system between said DC power supply (B) and 
said voltage converter (12), said first control be- 
ing executed to protect an electrical system of 
said DC load (19) and said second control be- 
ing executed to continue operation of said DC 
load (19). 

2. The load driver according to claim 1 , wherein 

said control unit (30, 300) executes said first 
control when said malfunction is detected. 

3. The load driver according to claim 2, wherein 

when said malfunction is detected, said con- 
trol unit (30, 300) controls said voltage converter 
(12) to apply a voltage smaller than a predeter- 
mined value to the electrical system of said DC load 



\ (19). 

4. The load driver according to claim 3, further com- 
prising a voltage sensor (18) detecting a voltage 

5 (Vf) applied to said DC load (1 9), wherein 

said control unit (30, 300) stops operation of 
said voltage converter (12) when the voltage (Vf) 
detected by said voltage sensor (18) reaches at 
least said predetermined value. 

w 

5. The load driver according to claim 4, wherein 

said power-generating unit (M1, M2) is 
formed of at least one generator. 

'5 6. The load driver according to claim 5, wherein 

each of said at least one generators is an AC 
generator, 

said load driver (200) further comprises at 
least one inverters (14, 31) provided correspon ri- 
se ingly to said at least one generators and each con- 
verting an AC voltage supplied from the corre- 
sponding AC generator into a DC voltage, and 

said control unit (300) controls each of said at 
least one inverters (14, 31) in a normal operation to 
25 convert said AC voltage into said DC voltage and 
supply said DC voltage converted from said AC volt- 
age to said voltage converter (12). 

7. The load driver according to claim 3, further com- 
30 prising a voltage sensor (1 1 ) detecting a DC voltage 

(V2) on an input of said voltage converter (1 2) when 
a DC current is supplied from said DC power supply 
(B) to said voltage converter (12), and 

said control unit (30, 300) stops operation of 
35 said voltage converter (12) when the DC voltage 
(V2) detected by said voltage sensor (11) reaches 
at least said predetermined value. 

8. The load driver according to claim 7, wherein 

40 said power-generating unit (M1, M2) is 

formed of at least one generator. 

9. The load driver according to claim 8 } wherein 

each of said at least one generators is an AC 
45 generator, 

said load driver (200) further comprises at 
least one inverters (14, 31) provided correspond- 
ingly to said at least one generators and each con- 
verting an AC voltage supplied from the corre- 
50 sponding AC generator into a DC voltage, and 

said control unit (300) controls each of said at 
least one inverters (14, 31) in a normal operation to 
convert said AC voltage into said DC voltage and 
supply said DC voltage converted from said AC volt- 
55 age to said voltage converter (1 2). 

10. The load driver according to claim 3, further com- 
prising: 
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a first voltage sensor (10) detecting a first DC 
voltage (V1 ) output from said DC power supply 
(B); and 

a second voltage sensor (11) detecting a sec- 
ond DC voltage (V2) on an input of said voltage 
converter (12) when a DC current is supplied 
from said DC power supply (B) to said voltage 
converter (12), wherein 
said control unit (30, 300) stops operation of 
said voltage converter (12) when the first volt- 
age (V1) detected by said first voltage sensor 
(10) differs from the second voltage (V2) de- 
tected by said second voltage sensor (11). 

11. The load driver according to claim 1 0, wherein 

said power-generating unit (M1, M2) is 
formed of at least one generator. 

12. The load driver according to claim 11 , wherein 

said generator is an AC generator, 
said load driver (100, 200) further comprises 
an inverter (14, 31) converting an AC voltage sup- 
plied from said AC generator into a DC voltage, and 
said control unit (30, 300) controls said invert- 
er (1 4, 31 ) in a normal operation to convert said AC 
voltage into said DC voltage and supply said DC 
voltage converted from said AC voltage to said volt- 
age converter (12). 

13. The ioad driver according to claim 1 0, wherein 

said power-generating unit (M1, M2) is 
formed of a plurality of generators (M1 , M2). 

14. The load driver according to claim 13, wherein 

said control unit (300) further controls a plu- 
rality of drivers (14, 31) corresponding respectively 
to said plurality of generators (M1, M2) to keep a 
balance between supply and consumption of elec- 
tric energy with respect to said plurality of genera- 
tors (M1 , M2), and controls the electrical system of 
said DC load (1 9) to drive said DC load (1 9) by elec- 
tric power supplied from said DC power supply (B). 

15. The load driver according to claim 13, wherein 

each of said plurality of generators (M1 , M2) 
are an AC generator, 

said load driver (200) further comprises a plu- 
rality of inverters (1 4, 31 ) provided correspondingly 
to said plurality of generators (M1, M2) and each 
converting an AC voltage supplied from a corre- 
sponding AC generator into a DC voltage, and 

said control unit (300) controls each of said 
plurality of inverters (14, 31) in a normal operation 
to convert said AC voltage into said DC voltage and 
supply said DC voltage converted from said AC volt- 
age to said voltage converter (12). 

16. The load driver according to any one of claims 4 to 



15, wherein said generator is a drive motor gener- 
ating drive power for a vehicle. 

17. The load driver according to claim 1, further com- 
5 prising: 

a first voltage sensor (10) detecting a first DC 
voltage (V1 ) output from said DC power supply 
(B); and 

10 a second voltage sensor (11) detecting a sec- 

ond DC voltage (V2) on an input of said voltage 
converter (12) when a DC current is supplied 
from said DC power supply (B) to said voltage 
converter (12), wherein 

15 said control unit (300A, 300B) executes said 

second control when the first voltage (V1) de- 
tected by said first voltage sensor (10) differs 
from the second voltage (V2) detected by said 
second voltage sensor (11). 

20 

18. The load driver according to claim 17, wherein 

said control unit (300A, 300B) executes con- 
trol for supplying a DC voltage based on electric 
power generated by said power-generating unit 
25 (M2) to said DC load (19). 

19. The load driver according to claim 18, wherein 

said control unit (300A, 300B) controls said 
voltage converter (12) for directly supplying to said 
30 DC load (1 9) a DC voltage based on the electric 
power generated by said power-generating unit 
(M2) and having a voltage level lower than a prede- 
termined value. 

35 20. The load driver according to claim 1 9, wherein 

said voltage converter (12) includes 
first and second switching elements (Q1 . Q2) 
connected in series between terminals receiving 
said DC voltage, switching of at least one of said 
40 switching elements being controlled in voltage- up- 
converting operation and voltage-down-converting 
operation and 

a reactor (L1 ) having one end connected to a 
point of connection between said first switching el- 
^5 ement (Q1) and said second switching element 
(Q2), 

said reactor (L1) and said second switching 
element (Q2) are connected in series between ter- 
minals of said DC power supply (B), and 
50 said control unit (300A, 300B) keeps said first 

switching element (Q1) continuously in a conduct- 
ing state and keeps said second switching element 
(Q2) continuously in a disconnected state. 

55 21 . The load driver according to claim 1 8, further com- 
prising: 

a supply unit (D1 0) directly supplying to said DC 
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load (19) a DC voltage based on the electric 
power generated by said power-generating unit 
(M2) and having a voltage level lower than a 
predetermined value; and 
a switching unit (SR3) switching supply of said 
DC voltage between said voltage converter 
(12) and said supply unit (D10), wherein 
said control unit (300B) controls said switching 
unit (SR3) to supply said DC voltage to said 
supply unit (D10). 

22. A control method for safely driving a DC load (19) 
connected to a DC power supply (B), comprising: 

a first step of detecting a malfunction in an elec- 
trical system between said DC power supply 
(B) and a voltage converter (1 2) converting volt- 
age; and 

a second step of executing at least one of first 
control and second control when said malfunc- 
tion is detected, said first control being execut- 
ed to protect an electrical system of said DC 
load (1 9) connected in parallel with said voltage 
converter (12) to said DC power supply (B) and 
said second control being executed to continue 
operation of said DC load (1 9). 

23. The control method according to claim 22, wherein 

said first control is executed in said second 

step. 

24. The control method according to claim 23, wherein 

said first step includes 

a first sub step of detecting a voltage (Vf) ap- 
plied to said DC load (19) and 

a second sub step of detecting whether or not 
said detected voltage (Vf) is equal to or more than 
a predetermined value, and 

in said second step, operation of said voltage 
converter (12) is stopped when said detected volt- 
age (Vf) is equal to or more than said predetermined 
value. 

25. The control method according to claim 23, wherein 

said first step includes 

a first sub step of detecting a DC voltage (V2) 
on an input of said voltage converter (12) when a 
DC current is supplied from said DC power supply 
(B) to said voltage converter (12) and 

a second sub step of detecting whether or not 
said detected voltage (V2) is equal to or more than 
a predetermined value, and 

in said second step, operation of said voltage 
converter (12) is stopped when said detected volt- 
age (V2) is equal to or more than said predeter- 
mined value. 

26. The control method according to claim 23, wherein 



said first step includes 

a first sub step of detecting a first voltage (V1 ) 
output from said DC power supply (B), 

a second sub step of detecting a second DC 
5 voltage (V2) on an input of said voltage converter 

(12) when a DC current is supplied from said DC 
power supply (B) to said voltage converter (1 2) and 

a third sub step of detecting whether or not 
said first voltage (V1 ) detected in said first sub step 
10 matches said second voltage (V2) detected in said 
second sub step, and 

in said second step, operation of said voltage 
converter (12) is stopped when said first voltage 
(V1 ) does not match said second voltage (V2). 

15 

27. The control method according to claim 26, wherein 

said voltage converter (12) is connected to a 
plurality of inverters (14, 31) provided correspond- 
ingly to a plurality of power-generating units (M1, 
20 M2), and 

said control method further comprises: 

a third step of controlling said plurality of invert- 
ers (1 4, 31 ) to maintain a balance between sup- 
25 ply and consumption of electric energy with re- 

spect to said plurality of power-generating units 
(M1, M2); and 

a fourth step of controlling the electrical system 
of said DC load (19) to drive said DC load (19) 
30 by electric power supplied from said DC power 

supply (B). 

28. The control method according to claim 22, wherein 

said first step includes 
35 a first sub step of detecting a first voltage (V1 ) 

output from said DC power supply (B), 

a second sub step of detecting a second DC 
voltage (V2) on an input of said voltage converter 
(12) when a DC current is supplied from said DC 
40 power supply (B) to said voltage converter (1 2) and 

a third sub step of detecting whether or not 
said first voltage (V1 ) detected in said first sub step 
matches said second voltage (V2) detected in said 
second sub step, and 
45 in said second step, said second control is ex- 

ecuted when said first voltage (V1) does not match 
said second voltage (V2). 

29. The control method according to claim 28, wherein 
50 in said second step, control is executed to 

supply, to said DC load (19), DC power based on 
electric power generated by a power-generating 
unit (M2). 

55 30. The control method according to claim 29, wherein 

in said second step, said voltage converter 
(12) is controlled to directly supply, to said DC load 
(1 9), a DC voltage based on the electric power gen- 
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erated by said power-generating unit (M2) and hav- 
ing a voltage level lower than a predetermined val- 
ue. 

31. The control method according to claim 30, wherein 

said voltage converter (12) includes 
first and second switching elements (Q1 , Q2) 
connected in series between terminals receiving 
said DC voltage, switching of at least one of said 
switching elements being controlled in voltage-up- 
converting operation and voitage-down-converting 
operation and 

a reactor (L1 ) having one end connected to a 
point of connection between said first switching el- 
ement (Q1) and said second switching element 
(Q2), 

said reactor (L1) and said second switching 
element (Q2) are connected in series between ter- 
minals of said DC power supply (B), and 

said second step of said control method in- 
cludes 

a fourth sub step of keeping said first switch- 
ing element (Q1 ) continuously in a conducting state 
and 

a fifth sub step of keeping said second switch- 
ing element (Q2) continuously in a disconnected 
state. 

32. The control method according to claim 29, wherein 

said DC load (1 9) is connected to a supply unit 
(D10) and said voltage converter (12), said supply 
unit (D1 0) supplying, toward said DC power supply 
(B), a DC voltage based on the electric power gen- 
erated by said power-generating unit (M2), 

said supply unit (D10) and said voltage con- 
verter (12) are connected to a switching unit (SR3) 
switching supply of said DC voltage between said 
supply unit (D10) and said voltage converter (12), 
and 

in said second step of said control method, 
said switching unit (SR3) is controlled to supply, to 
said supply unit (D10), a DC voltage based on the 
electric power generated by said power- generating 
unit (M2) and having a voltage level lower than a 
predetermined value. 

33. A computer-readable recording medium having a 
program recorded thereon to allow a computer to 
execute control for safely driving a DC load (19) 
connected to a DC power supply (B), said computer 
executing: 

a first step of detecting a malfunction in an elec- 
trical system between said DC power supply 
(B) and a voltage converter (1 2) converting volt- 
age; and 

a second step of executing at least one of first 
control and second control when said malfunc- 



tion is detected, said first control being execut- 
ed to protect an electrical system of said DC 
load (1 9) connected in parallel with said voltage 
converter (1 2) to said DC power supply (B) and 
5 said second control being executed to continue 

operation of said DC load (1 9). 

34. The computer-readable recording medium accord- 
ing to claim 33, wherein 

10 said first control is executed in said second 

step. 

35. The computer-readable recording medium accord- 
ing to claim 34, wherein 

75 said first step includes 

a first sub step of detecting a voltage (Vf) ap- 
plied to said DC load (1 9) and 

a second sub step of detecting whether or not 
said detected voltage (Vf) is equal to or more than 
2° a predetermined value, and 

in said second step, operation of said voltage 
converter (12) is stopped when said detected volt- 
age (Vf) is equal to or more than said predetermined 
value. 

25 

36. The computer-readable recording medium accord- 
ing to claim 34, wherein 

said first step includes 

a first sub step of detecting a DC voltage (V2) 
30 on an input of said voltage converter (12) when a 
DC current is supplied from said DC power supply 
(B) to said voltage converter (12) and 

a second sub step of detecting whether or not 
said detected voltage (V2) is equal to or more than 
35 a predetermined value, and 

in said second step, operation of said voltage 
converter (12) is stopped when said detected volt- 
age (V2) is equal to or more than said predeter- 
mined value. 

40 

37. The computer-readable recording medium accord- 
ing to claim 34, wherein 

said first step includes 

a first sub step of detecting a first voltage (V1 ) 
45 output from said DC power supply (B), 

a second sub step of detecting a second DC 
voltage (V2) on an input of said voltage converter 
(12) when a DC current is supplied from said DC- 
power supply (B) to said voltage converter (12) and 
50 a third sub step of detecting whether or not 

said first voltage (V1 ) detected in said first sub step 
matches said second voltage (V2) detected in said 
second sub step, and 

in said second step, operation of said voltage 
55 converter (12) is stopped when said first voltage 
(V1) does not match said second voltage (V2). 

38. The computer-readable recording medium accord- 
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ing to claim 37, wherein 

said voltage converter (12) is connected to a 
plurality of inverters (14, 31) provided correspond- 
ingly to a plurality of power-generating units (M1, 
M2), and 5 

said program allows said computer to further 
execute: 

a third step of controlling said plurality of invert- 
ers (1 4, 31 ) to maintain a balance between sup- 10 
ply and consumption of electric energy with re- 
spect to said plurality of power-generating units 
(M1, M2); and 

a fourth step of controlling the electrical system 
of said DC load (19) to drive said DC load (19) 15 
by electric power supplied from said DC power 
supply (B). 

39. The computer-readable recording medium accord- 
ing to claim 33, wherein 20 

said first step includes 

a first sub step of detecting a first voltage (V1 ) 
output from said DC power supply (B), 

a second sub step of detecting a second DC 
voltage (V2) on an input of said voltage converter 25 
(12) when a DC current is supplied from said DC 
power supply (B) to said voltage converter (12) and 

a third sub step of detecting whether or not 
said first voltage (V1 ) detected in said first sub step 
matches said second voltage (V2) detected in said 30 
second sub step., and 

in said second step, said second control is ex- 
ecuted when said first voltage (V1 ) does not match 
said second voltage (V2). 

35 

40. The computer-readable recording medium accord- 
ing to claim 39, wherein 

in said second step, control is executed to 
supply, to said DC load (1 9), DC power based on 
electric power generated by a power-generating *o 
unit (M2). 

41. The computer-readable recording medium accord- 
ing to claim 40, wherein 

in said second step, said voltage converter 45 
(12) is controlled to directly supply, to said DC load 
(1 9), a DC voltage based on the electric power gen- 
erated by said power-generating unit (M2) and hav- 
ing a voltage level lower than a predetermined val- 
ue, so 



converting operation and vortage-down-converting 
operation and 

a reactor (L1) having one end connected to a 
point of connection between said first switching el- 
ement (Q1) and said second switching element 
(Q2), 

said reactor (L1) and said second switching 
element (Q2) are connected in series between ter- 
minals of said DC power supply (B), and 

said second step of said program includes 
a fourth sub step of keeping said first switch- 
ing element (Q 1 ) continuously in a conducting state 
and 

a fifth sub step of keeping said second switch- 
ing element (Q2) continuously in a disconnected 
state. 

43. The computer-readable recording medium accord- 
ing to claim 40, wherein 

said DC load (1 9) is connected to a supply unit 
(D10) and said voltage converter (12), said supply 
unit (D10) supplying, toward said DC power supply 
(B), a DC voltage based on the electric power gen- 
erated by said power-generating unit (M2) s 

said supply unit (D10) and said voltage con- 
verter (12) are connected to a switching unit (SR3) 
switching supply of said DC voltage between said 
supply unit (D10) and said voltage converter (12), 
and 

in said second step of said program, said 
switching unit (SR3) is controlled to supply, to said 
supply unit (D10), a DC voltage based on the elec- 
tric power generated by said power-generating unit 
(M2) and having a voltage level lower than a prede- 
termined value. 



42. The computer-readable recording medium accord- 
ing to claim 41 , wherein 

said voltage converter (12) includes 
first and second switching elements (Q1 , Q2) 55 
connected in series between terminals receiving 
said DC voltage, switching of at least one of said 
switching elements being controlled in voltage-up- 
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